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SUMMARY

The results of our analysis show that energy savings
and corresponding cost savings which could be realized
by employlng set-back strategies are dependent on location,
heat pump capacity, and amount of set-back. While some
manufacturers may Lelieve that it is not economical reggrd-
less of the situation?, nany feel this is not the case.®
It 'is probable that the right combination of outdoor tempera-
ture, heat pump capacity, and amount of set-back make sav.ngs
possible. However, energy savings do not guarantee cost
savings. The decision on priorities must be made before
set-back is initiated. And because cost may be the deciding
factor in most cases, the life cycle cost becomes an' impor-

tant quantity. .

The remainder of the report deals with the advantages
and disadvantages associated with set-back of thermostats
for heat pump systems. The conclusions which this study -

has lead to are:

1. Further medel studies and . field data must be obtained
before savings predictions can be taken as completely

reliable and accurate.

2. Microcomputer controlled thermostats are not widely
available for heat pump systems. They must become
available, at a cost effective price, before set-back
becomes accepted on a popular basis.

3. Savings are mostly dependent on outdoor temperature,
heat pump capaclty, and amount of set-back.

4. Energy sav1ngs are greater in percent in warm cllmates
but greater in total consumption savings .in cold cli-
mates. Therefore, since fuel costs arée the main consid-

" eration, cost sav1ngs will be greater xn percent in cold

climtes. .

~-.dicted without

5. Percent energy savings can be reasorably p
a complex computer model. o '
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Thermostat set-back of air-to-air heat puamps has been
a controversial subject for several years. With a conventional
fixed-capacity heating system ary reducticn in thermostat
set-point’' will usually give a correspording proportional
energy savinys.9 A heat pump in the heating mode does not
operate on the same principle. The morning recovery period
energy consumption sometimes can offset the savings achieved
at night.lo In addition, a peak demand occurs in the morning
when the thermostats are set up, a consideration which is not
beneficial tu those Army 1nstallatlons whlrh generate their
own electr1c1ty. :

Because of these problems and ‘the complexity of air-to-
air heat pumps systems, the exact energy savings are rather
difficult to assess. It was the objective of this study to
letermine the energy savings and life cycle costs of heat
pump systems employing thermostat night set-back. Comparis.ns
between alternative systems and conventional presently used
systems as well as availability, rellablllty and safety code
compliance were also studied.

The procedure used was t» evaluate all previous litera-
ture on night set-back of heat pumps, confirm the latest
- opinions of noted experts, and independently analyze life
cycle data based on DoE projected ehergy costs and
figures for performance, availability and reliability.

PREFACE

Mr. P. B. Bruce, engineer, provided computer assistance
.and inputs for the life cycle economics segment. Additional,
' valuable information was obtalned through commnnlcatlon
with the following persons.

Dr. Charles Bullock, Program Manager, Research Dlv1310n,
Carrier Corp., Syracuse, New York

. Mr. Lorne Nelson, Honeywell, Inc., Mlnneapolls, Minnesota

Dr. R. Howell, Professor, Dept. of Mechanlcal Engl1eer1ng,'

‘University of stsourl-Rolla,
Rolla, Missouri
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. an easy task.

produce space heating independe
- words,

INTRODUCTION

The practlce of setting-back thermostats during the

heatlng season has generated a

since its wide spread acceptance.
lowering the indoor temperature
Lowering the indoor temperature
affects the comfort of the occupants.

been recognized. Obviously,
decreases the heating load.

method of reducing building hea

large amount of feedback
Several facts.have

It is an effective
t loss and fuel consumption

of conventional fixed capacitj heating systems (i.e., fossil

fuel fired and electr1cal resis

tance heating systems).

The practice of lowering the indoor temperature only at

night is a subject which is even more controversial.

few facts have been recognized.
heating load.
set-up of the thermostat.
problem for the utility.

differ vastly depending on the

Although climatological, techno
considerations are important,

This

Very
It lowers the building

It requires a morning recovery period during

, in turn, may pose a demand

The problems that can be expected

types of heating -system.
logical, and reliability

the most impourtant single

factor is the type of heating system. Most experts concede

that the set-back, whether cont
fixed capacity systems is a rel
This is not true for set-back o
thermostats.

It is the primary objectiv
to assess the advantages and di
thermostats with heat pump syst
The subject is v
night set-back is the major top
heat pump, controls and teachin
agreement about the economics o
To fully understand the reasons
some background information wil

Fixed Capacity Syséem Character

Fixed capacity systems ref
fixed capacity systems a
vert fuel directly into heat a

on the fuel used and the system
ponding capacities.

inuous or night only, of
atively simple problem.
b alv-to-alr heat pump

e and purpose of this report
sadvantages of setting-back
ems. Obviously, this is not
ery complex, especially when
ic.” 'Renowned experts'in: the
g fields are still in dis-

f heat pump night set-back.
for these disagreements,

1 be beneficial.

istics

er to those systems which

nt of climate. In-other

re those systems which con-
nd are totally dependent
efficiency for their corres-




Consider this example. A gas furnace uses natural
‘gas with a heating value of 20,000 BTU per pound. The
furnace burns one pound per hour at an efficiency of 70%.
(For sake of simplicity, duct losses are neglected.) By
using the following equation, HEAT SUPPLIED TO BUILDING =
(HEATING VALUE)’EFFICIEVCY)(MASS FLOW. RATE), The heat
supplied is calculated as:

(20,000 BIY) (.70) (11—13) ~ 14,0002IY or 1 1/6 TONS, where a
ton is defined as 12, OOOEEU The absolute best this system
can do if the efficiency, fuel used, and mass 'flow remain
constant is to heat with a capacity of 1 1/6 ton. Even if
the efficiency could be improved to 100 percent, the best
the system would do would be to produce 20,000 BTU/1b of -
fuel. The capacity is "fixed" by the fuel and the system
characteristics. The outdoor temperature affects the build-
ing heat load. The outdoor temperature does not adversely
affect the efficiency of the system. This is.an important
point when considering whether set-back at night is economical.
Gas furnaces are certified by the American Gas Association
and are tested by ANSI (American National Standard Institute)
procedures to have a combined combustion and heat exchange
efficiency of 75 percent at full-load steady-state operation.
There are numerous assertions that the seasonal fuzl utili-
zation efficiency of gas and oil-firfd residential heating
systems is 35 percent to 50 percent. It is interesting to
ncte that 85 percent of all residential. heatlng systems are
comblustion type systems.

Unit electric resistance-heating systems are .lso fixed
capacity systems. It is usually assumed that all of the
elecirical energy is converted to heat energy'and then deposi-
ted to the room. Because of this assumption, the system
efficiency is taken to be 100 percent. The fuel utilization
efficiency is then equal to the efficiency at which the elec-
tricity is generated. The national average of 32.6 percent
., together with an 89 percent distribution efficiency makes the

- fuel utilization efficiency of electrical resistance heating
systems 29 percent. ,

Heat Pump Systems

Heat pumps, although they also employ elecctricity as
the primary fuel, are unigue in a number of ways. Most notably,
they have the ability to provide space heating in the winter
and cooling in the summer. They arce more complex ithan fixed
capacity systems.. As a result, maintenance and investment
costs arc qreatcer. In addition, less is known about their

Lt
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operating characteristics under various conditions. They

are not fixed capacity systems because their efficiency,

or coefficient of performance, changes as the outdoor temper-
ature changes. And as. the efficiency changes, the capacity
also changes. Another conditicon which effects COP (total

work out/total energy in) is defrost. A heavy buildup of

frost on the outdoor coil adversely effects COP and 30 does

the efficiency of the defrost operation. In short, an increase
in moving parts causes a decrease in.reliability and an increase
in use of electrical resistance heat causes a decrease in COP.
Since COP is typically no less than 1.50, the fuel utilization
is typically no less than .29 (1.50), or 0.435 (43.5%). Duct
losses are usually greater for heat pumps than fixed capacity
systems but still not large enough to significantly reduce

FUE (fuel utilization efficiency). Many articles are owrrently
available which Eﬁeignf aY up-to-date review of heat pump
characteristics.14,15,16,17 '

Factors Effecting Set-Back

The factors which effect set-back potential savings
most importantly are outride temperature, amount of set-back,
and control scheme. Lower outdoor temperatures :rease the
heating load of the building. -Also, the efficiency of fixed
capacity systems is increased because of increased on-time.

Heat pumps are different. Although compresor on~-time does
increase COP, the lower outdoor temperature significancly
decreases capacity. As a result, the need for less efficient
electric resistance heating is increased, reducing the overa®.y
COP. During the morning recovery period this problem is
exaggerated. Usually the coldest part of the day is encouatered
when recovery to normal temperature is desired. At this point,-
the other two major factors become evident. If the amount of
‘setback is small, the recovery period is shorter. The comfort
level is reached quicker, the peak demand is smaller, and the
use of electric heat is decreased. The energy savings acrued
during the night also are smaller. The savings will be grseater
if the amount of setback is large (10°F or more}. iowever, the
recovery period will be long, causing poor comfort conditions,
increased peak demand, and increased possibilities that energy
savings will be defeated. Apparently, there is an optimum
setback amount to produce greatest energy savings. The control
scheme is of grecat importance when considering morning recovery.

In general, the best control scheme is one which most effectively

avercases use of electric resistance heat, increases compressor
on-time, and maintains comfortable living conditions while
reducing peak demand. To accomplish this complex task, the




controls will probably require an override capability which
could be triggered at reqular intervals.

Previous SetbéckAStud;es

The results of previous setback studies, which have been
conducted by several manufacturers of heat pumps and controls
will be dlSCUSSEd in the llterature survey section.

Temperature setback is a generally effective technique
to reduce heatlng energy consumption. Whenever the space
temperature is lowered and raised ' to correspond to cccupancy
. schedules, the average space temperature and heat load will
be lower relative to a constant confort temperature. However,
the energy conservation related to setback is dependent on
the type of heating system. An electric resistance heating
system is immune to inefficiencies caused by temperature
variations since it operates at 100% efficiency all the time.
A fossil fuel heating system's efficiency is inversely pro-
portional to, the number of operating cycles. Therefore, during
morning warmup, the. furnace runs continuously for long periods
of time and is operating at its optimum steady state efficiency.
Setback with a fossil fuel heating system actually improves the
seasonal efficiency of the heating system as well as lowers the
average heat load.. Unfortunately, heat pumps do not follow
‘this line of logic. While the actual heat load will be lower
using setback, the energy consumption and cost may increase
with the heat pump.. The paradox occurs during morning warmup
when -the electric resistance backup heaters are automatically.
switched on by the 2-stage room thermostat (assuming conven-
tional control scheme). This happens because the heat pump
can adequately maintain room temperature but not rapidly raise '
the temperature when desired during morning recovery. The
conclusions that may be reached concerning temperature setback
are: : : :

1. Electric resistance heating systems such as electric
. baseboard, will benefit from setback in a loglﬁal
straight forward manner.
2. Fossil fuel heating systens will rnCelve maximum
efficiency benefits from setback.
3. Heat pump systems present more complex and contro-
versial ptoblems than do fixed capacity systems.

This report adressas this last conclusion and prcsents up-
to date heat pump setback informatioen.




LITERATURE SURVEY

The literature survey was conducted by Ms. Judith Gerber
who is chief librarian of the Johns-Manville Research and
Development Information Center. The principle resoncces were
computer based searches. The sources reviewed in April of
1980 were: '
COMPENDEX - Engineering Index
GPO Monthly Catalogue - Superintendent of Documents.
U. 8. Government Printing Office.

ISMEC (Information Services in Mechanlcal Englneerlng)
Data Courier.

NTIS -~ National T=achnical Information Service. U. S.
Department of Commerce.

Abstracts of over 200 heat pump and controls references '
were reviewed and the complete texts of 54 papers were read.
Only three references were determined as critically pertinent
to heat. pump ‘setback. About a dozen other references contained
some useful informatin. The ASKFRAE handbooks (Systems - 1980
and Fundamentals ~ 1977) were very useful. The nost pertinent
reports were also found in 'the ASI'RAE Journal.

The Reference Section refers to footnoting throughout the
report. Bibliography I refers to references used for the
report but not quoted in the report. Bibliography II is an
all-inclusive bibliography containing all references which

are related to the subject of heat pumps or control of heat
pumps.

Following is a reproduction of the conclusions section
excerpted from the three most pertinent references. The re-

maining useful.references were used throughout but their inc-~
lusion here was deemed unnecessary.

The user of a residential heat pump can, by
reducing indoor temperatures, decrease energy con-
sumption for space heating by about the same  percen-
tage as the user of a fixed capacity heating system.
 Further reduction of temperature at night will produce
"additional savings, with a heat pump, but not by as
great a percentage as may be achieved with a‘constant
capac1ty system. . The concern that increased. use of
aux111aryrc51stance heaters during the morning
recovery period follcwing night setback might result
in increased enerqgy consumption, rather than a savings,

" is seen to be unfounded. '

Selection of a heat pump for residential appli-
cation is usually based on its cooling capacity rather
than ‘its heating capacity. Compensation for inade-
.quate heating capacity can be vrovided by auxiliary
rcsxqtancc heaters, at some reduction of seasonal
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.system COP; no compensation is available for inade-
quate cooling capacity. Excess heating capacity

results in a

short operating cycle accompanied by

some reduction in efficiency. Excess cooling capacity
results not only in reduced efficiency, but loss of
humidity control as well. A "properly sized" heat
pump will, then, have a cooling capacity approximately
equral to the maximum hourly cooling load expected.
‘Because the peak cooling loads for comparable houses

in different
similar, the

parts of the country are remarkably
heat pump will have excess heating capa-

city where winters are mild, and insufficient heating
capacity where winters are severe.

This excess of heating capacity in mild climates
means that the auxiliary resistance heaters will be -
used more during the defrost cycle (to prevent a
flow of chilled air into the house) than for aug-
menting the heat pump if indoor temperature is held

constant. If,

following night setback of temperature,

ravid recovery is demanded, there will indeed be
increased energy consumption by the resistance heaters.
This increase is, however, smaller than the decrease
in consumption by the compressor, so that there is

a substantial net savings of energy.

' Where winters are as severe as these experienced
by Minneapolis, the heating capdcity of the heat pump
is expected to be insufficient. The principal
use, then, of the auxiliary heaters is to zugment
the heating capacity of the heat pump, rather than to

counter the-
whether indo
at night. O
both the com
if night set
and of cours
'for space he
Summary and

by Residenti
Temperatures

. A fixed
has been sho
foclproof me
a residentia
climate (Minn
approximatel
can be achie
satpoint red

npleasant effects of . the defrost cycle,

r temperature is held constant or reduced

e may then 3:xpect reduced consumption by
ressor and the auxiliary resistance heaters
ack of indoor temperature is anticipated,

, @& net reduction of energy consumptlon
ting.

onclusions from "Savings in EnergyConmmptlon

1 Heat Pumps: - The Effects of Lower Irdoor |
and of Night Setback" by R. D. Ellison =-1977.

reduction in room thermostat s~2tpoints

n to be a very effective and essentially

ns for reducing energy consumption with
heat pump system. For the severe northern

apolis) chosen for the present study, .
8% savings in seasonal input energy (kWh)

ed with a typical system for each 1°C

ction (4% per OF).




Nighttime setback of room thermostat setpoints
can also be an effective cnergy savings method with
conventional heat pump heating systems. However,
much closer attention to its control is required
than for fixed capac1ty heating systems. {gas, oil,
or electric forced-air furnaces). In particular:

1, Large Thermostat setback (3°C (S°F) or more)

can lead to: '
a. Small seasonal energy savings. Increasing
the setback can increase the seasonal
, energy consumption.
b. High morning power demand.
c.- Poor indoor comfort during the day.
2. The amount of strip heat used for morring
recovery is critical:
a. Large amount of strip heat can cause
a net daily energy loss, particularly
if the outdoor air temperature is near
the system balance point.
b. The amount of strip heat chosen must consider:
1. Indoor coumfort during recovery (high
capacity is desirable).
2. Annual energy savings potential (low
‘capacity is desirable).
3. A demand limiting device may be effective
in preventing inadvertent energy losses,
provided that satisfactory indoor comfort
can be maintained. :
4. Scheduling is critical:
a. Night setback is not always energy-
' effective near the system balance
point. This result is aggravated with
large supplementary heat availability.
b. Night setback. of only the thermostat
second stage (strip heat) would be
a compromise measure, providing reasonable
nighttime comfort as well as energy
savings. By further eliminating nighttime
use of strip heat for supply air tempering
durlng defrost, add1t10nal enerqgy savxngs
., accrue.
c. The time of set-up, which is followed by
a power demand- peak, would obviously
be affected by the adoption of a day/night
electric rate structure. 1In this rase,
the. recovery period should precede the
initiation of day rates.

5. The maximum eneérgy savings dchlevable by night set-
back arc limited. The peak demands devend on the
sizing of. the heat punp, strip heat and the
. l 0 v




climate. A fixed setpoint reduction, on the
other hand, will continue to provide enerqgy
savings the more the setpoint is lowered.

An alternative to the complexities and short-
comings of night setback would be to keep
thermostat setpoints down during the peak
heating months (December, January, and February).

Based on the above consideraiions, we do not recommend
the general use of thermostat se*back with residential
air-source heat pump systems at the present time. -
The controversy surrounding setback with conventional,
fixed-output heating systems is only now beginning to
be resolved. Consumer education for the more complex
heat pump operating characteristics is similarly -

only in process. The combination of heat pumps and setback

represents a significant advancement in system operational
considerations which should be approached cautiously and
only as further technical insights are gained concerning
the operating characteristics of such systems. The
general, unqualified use of setback with heat pumps
could lead to a waste of available energy and unneces-
sary burdens' on electric utilities as well as negative
consumer reaction. Instead, we recommend the promotion
of fixed thermostat setback. '
In the near future, we can expect to see new,
more sophisticated heat pump controls which will be
specifically designed to achleve the -maximum energy
. savings with perlodlc setback, by integrating all the
pertinent data; i.e. indoor and outdoor temperatures,
heating load, heat pump capacity, time of day, etc.
New hcat pump designs will .also be offered to the
consumer  with higher heating capacities at low outdoor
temperatures, thus reducing the reed for aux111ary
heating elements. All of these features will help to
"insure that periodic thermostat setback with heat.
pumps will achieveits full savings potential without
adding unnecessary complications to thls, more complex’
.type heating system.
Conclusions from "Energy Sav1ngs Through Thermo tat
Setback with Residentiai Heat Pumps" by Dr. Charles -
E. Bullock, = 1978. -
For those systems studxeq, a thermostat night
" sctback of 109F was effective in reducing encrgy
consumption. Night sctback reduced total heating energy
requircements, evoen considering the nced for auxiliary
electricresistance heating for morning pickup. - Actual
"dollars savings will be dependtnt on current ond future
rate d951gn. .

11 ' ‘ - ‘.\\\.
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Depending on the location and control scheme used,
reduction in energy consumption ranged from 5.5% to
20% with night setback of a two-stage thermostat.
‘Based on a more detailed analysis of setback variations
in Mlnneapolls and St. Louis, it appears that a 5OF
or 6°F setback can save nearly as much energy as a
109F setback, with a reduced peak demand and faster
pickup recovery. This results from the fact that less
auxiliary heat is required during the pickup period.
Recent work by another investigator indicates that
there are some conditions under which setback savings
are actually reduced if the setback magnltude exceeds
an optimum amount.

This study has considered night setback in a
specific typital residence. Future studies will
irvestigate how night setback savings are affected
by variations in the thermal heat storage capacity
of the house, by the amount of insulation, and by
infiltration characteristics. Clearly the relative
heating capacities of the heat pump and the auxiliary
heating elements will affect night. setback savings,
and further investigation will also consider systems
sized with a range of balance points.

In the future, demand or "time-of day"” electrical-
metering is likely to become more widespread. Guide-
lines must be developed to give the consumer an
indication of the contribution of night setback in
reducing the cost of heat pump system operation under
possible future rate structures. The heat pump
controls of the future will therefore likely be of
a sophisticated nature, utilizing weather, time,
structural characteristics, and energy cost data to
minimizZe the cost of operation. Also, it is expected
that thermal storage technology may play a significant
role in limiting utility peak demanéd periods.
Conclusions from "Saving Energy by Night Setback of a
Residential Heat Pump System"” by G. R. Schade - 1978.

MARKET 'SURVEY
Method
The market survey was intended to identify manufacturers

of appropriate heat pumps and controls suited for setback
purposes. Performance data and benefits of these units were

. 12'




desired. Safety, leral, and code requirements relating to
residential and light commercial heat pump systems were also
desired. The following actions were taken to achieve the
objectives of thc market survey:

.- Letter to manufacturers

- Interviews with Manufacturers

Survey of Manufacturers

The letter sent to the various manufacturers is repro-
duced on the following page. The source of manufacturers
solicited was the Thomas Register and all firms listed under
heat pumps, heat pump controls, and heat control thermostats .
were solicited. The American Refrigeration Institute Direc-
tory was also used. Approximately 95 inquiries were mailed and
the responses numbered 1ll. The firms contacted are listed
after the reproduced letter. The replies were catalogued
according to their applicability. -

13




X

v

oy

4 Johns-Manville

Sales Corporation
Research & Development Centes D

Ken Caryl Ranch
Denver. Cotlorado 80217
{303) 979-1000

July 28, 1980

Dear sirp

Johns-Manville Research and Devélopment Center has been.

- engaged to study the potential energy conservation
achievable by night set-~back of air-to-air, unitary heat
pungs. Ovr client seeks information about the benefits or
penalties of night set-back in accordance with DoE
requirements mandated in the. July 1979 Faderal Register.
Residential heat punps of both prior and current design
are to be considered. Some specific guestions which cone
to mind include the following.

"= what is the effectiveness of temperature set-back
in the seven Dok climatic regions?

tx. Night set-back in resicences and night and
weekend set-back in small comrercial buildings.

‘- Is there a minimum elapsed tine of set-back required
to achieve energy savings'as & function of ambient air -
temperature? What about minimum or maximum degrees of
temperature set-back?

- What added control devices and system modifications
are needed to achieve a set-kack and restart schedule to
minimize energy use? What is the availability and cost
of these devices? » e

Your firm's position suggests thnat you are well qualified C
to contribute to our 'survey. Your experience should be- s
helpful in resolving some of the . apparent contradictions 1
in the technical literature. Your contribution to our
survey should prove to be beneficial in achieving '
signiticant energy conservation; or, pessibly, avoiding
significant increases in eneryy consumption.




July 28, 1980
Page 2

It is iikely that our client will release our final report
as public information and all those who contribute to the
study will be properly acknowledged. May I hear from you
.soon? :

Yours truly,

i3 St

P. B. Shepherd
Sr. Research Associate
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Manufacturing Co.
0ld Cuthbert and Deer Koads

Cherry Hill, NJ 08000

AC Manufacturing Co.’
0ld Cuthbert and Deer Roads
Cherry Hill, NJ 08000

Addison Products Co.
_Addison, MI 49220

Advance Design Associates, Inc.
Temp Master Systems
Orlando, FL 32800

Amana Refrigeration, Inc.
Amana, Iowa 52203

Pmerican Air Filter Co; Inc.
200 Central Avenue
Louisville, KY 47744

Armor Electric Inc.
Erie, PA 16500

Rard Manufacturing Co.
Box 607
Bryan, OH 43506

Barkow ﬁanufacturing Co. Inc.
2230 S. 43rd
Milwaukee, WI 53200

Bryant Air Condltlonlng/BDP Conoany
7310-T W. Morris
‘Indianapoli is, IN 46200

Budco
Bloomfield, CT 06002

Carcier A/C Group
Carrier Corp. .
Carrier Pkwy. .
" Syracuse, NY 13200

Century By Heat Controller, Inc.
1900 wellworth at Losey
"Jackson, MI 49200

NDay and nght/aryant/Payne brends/BDP Co.
7310-T W. Morris , -
Indianapolis, IN 46200
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Luentiaim - Lurh Inc,
178 South L,

vest hartford, CF 051060

Lunhai-Bush Inc.
Residentilal and Light Coumercizl Products
Earrisburg, VA 22801

Elrm Brcok Refrigeration, Inc.
21000 Enterprise Avenuce
Rrookfield, Wl 5300%

Facco Industries, Inc.
Consuricr Products Division
810 Gillespie S5t.
Fayetteville, NC 28302

Fedders Corp.
Edison, NJ 08117

Florida Heat Pump Corp.
610 S.W. R Avenue
Ponpano Beach, FL 33000

Fruzer and Johnston Co.
San Lorenzo, CA %4580¢

Friedrich Air Conditioning and Refrige:atidn Co.
N. Pan Am Exprcssway
San Antonio, TX 78200

Ceneral Electric Co.
Central Air Conditioning
Appliance Park
Louisville, KY 40200

Gaffers and Sattler
Los Angeles, CA

~ Heat Controller Inc.
. 8100 N. Monticello Avenue
Jackson, MI' 39200 '

Heat-Exchangers Inc,
8100 N. Monticello Avenue
Skokie, IL 60076

fleil-Quaker Corp.
647 Thompson Lanc .
Jashville, TN.37200

Infortran, Inc.
New York, NY
: : 17




International Heating and Alr Conditioning

Division of Neil mcLain Co.

Barber aend Fark Avenue
Utica, NY 13500

Johnson Corp.
851 W. Third Avenue
Columbine, OH 43200

Koldware Div., of ‘eat Exchan:

8100 N. Monticello Avenue
Skokie, IL 60075

Lennox Industries Inc.
Marshaltown, Iowa 50156

Luxaire 1lnc.
West of Filbert
“Elyria, Oﬂ'44000

Mammoth Div. of Lean Siegler
1312G-B County Road Six
Minneapolis, Minn. 55400

Marvair Co.
P.0O. Box 400
Cordele, Ca 31015

McGraw Edison Co.
Air Comfort Division
706 North Clark
Albion, MI 46224

-McHillan Heat Pumps Inc.
- P.0O. Box 5897 '
Jacksonville, FL 32200

Mueller Climatrol Corp.
Piscataway, NJ 08854

nodern Comfort Inc.
2250 Dwenger Avenue
Ft. Wayne, IN 46800

Northrup Inc, .
Hutchins, TX 75141

Patco Inc. A
Pennsauken, NJ 08110

irec.

€rs Inc.

Inc.

Phelps-Dodge Brass Co./Lee Brothérs'

Anniston, Ala.. 36200
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" Koyal Air Conditioning Co.
1035 £. 26th St.
Hialeah, FL 33000

Resedrch Engineering Mfg. Co.
Phoenix, AZ 85000

Rheem Manufectuting Co.
Air Ccnditioning Division
Fort Smith, Ark. 72900

Ruud Air-Conditioning Division
City Investing Co.
Fort Smith, Ark. 72900

Singer Co.
The Climate Control Division
Cartaret, NJ 07008

Solar Kinetic Inc.
Mechanicsburg, OH 43033

Sun Dial Solar Heat and Air Conditioning
Square D Company
Mesquite, TX 75100

. Solus |
Houston, TX 77000

Southwest Manufacturing Division of McNeil Corp.
10 North Elliott
Aurora, MO 656C5

Sunsau
Tewksburg, MA 01876

Supteme Air
Santa Fe Sprinqs, CA 90670

Vanguard Eﬂergy Systems
San Diego, CA 92100

Vilter Mfg; Corp.
2223 South First st.
Milwaukee, WI 53200

Tappan Air Conditioning Division
Elyria, .OH 44000

Thermo-Products Inc.
North Judson, IN 46366
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Wweatherking, Inc.
P.U. box 20434
Orlando, FL 328500

The Williamson Co.
Cincinnetti, OH 452C0

Viormse.; Scientific Corp.
Stanford, CT C6S00

wesco Air Comfort Division
wesco-Moore Clear Inc.
Beavertown, Or 97005

~ Westinghouse Electric Corp. .
‘Central Residential A/C. valsxoq
Normann, OK 73000

Whirlpool leating and Cooling Products
Nashville, TN 37200

York Division

Borge Warner Corp.
South Richland Avenue
York, PA 17400

Emmerson Quiet Kool Div.
St. George and Woodlime Avenue
Woodbridge, NJ 07095

Antar Industries Inc.
350 5th Avenue
New York, NY 10001

Trane Co.
3600 Thomas Creek Road
La Crosse, WI 54601

Payne Air Conditioning Co.
855 Anaheim-Puente Rd.
City of Industry, CA 91744

Bohn Aluminum and Brass Division
Gulf & western Manufacturing Co.’
23100 T. Providence Drive
Southfield, MI 48037

Airtemp Corporation
woodbridge Avenue
Addison, Michigan 49220

“Armstrong Furnace Compeny -

A Subsidiary of Magic Chef, Inc.
841 west Third Avenue

Colunbus, Ohio 43212 - 20
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Climetrol Sales Company
woodbridge Avenue
ftdison, New Jerscy 08817

The Colenar. Company, Inc.,
250 nNorth Street

Francis Street

Wwichita, Kansas 67201

Crane Supply Compeany
3C0 Park Avenue
New York, New York 10022

Day & Night Air Conditioning
8§55 Anaheim-Puente Road
La Puente, California 91749

Duo~Therm

Division of Motor Wheel Corporation
509% South Poplar Steet

LaGrange, Indiana 46751

Frigiking Tappan, S8JC Corp.
206 Woodford Avenue
Elyria, Ohio 44035

Goettl Air Conditioning, Inc.
2005 East Indian School Roac
Phoenix, Arizona 85016

The Heil-Quaker Corporation
647 Thompson 'Lane
Nashville, Tennessee 37204

The Henry Furnace Company
Post Office Box 4022

. Elyria, Ohio 440356

Janitrol, SJC Corp. -
206 woodford Avenue
Elyria, Ohio 44036

Johnson Corporation. :

A Subsidiary of Magic Chcf, Inc.
851 West Third Avenue '
Columbus, Ohio 43212

Lowe's Conpany, Inc,
Box 1111

North Wilkesboro, North Carolina 28659




mayle Chiel, Inc.
LU west Third Avenue
Colunbus, Ohlo 43212

Mcbhonald mfg., Co., A.Y.
Post Office Box 508
Dubuque, Towa 52C03

lMontgomery ward & Co., Inc.
P. 0. Box 833¢%
Chicago, Illinois 6056&C

Sears, ‘Roebuck and Co.
Sears Tower ‘
Chicago, 1llinois 60684

Spartan Electric Company
P. O. Box 150

~ Fayetteville, North Caroline 28j02

The Square D Tompany
P. 0. Box 766
Mesquite, Texas 7514¢

Westinghouse Electric Cor:.
Staunton Operation

Heating & Cooling Busines: Unit
P. 0. Box 2510

Staunton, Virginia 24401

The wWilliamson Co.
3500 Madison Road .
Cincinnati, Ohio 45209

John Zink Company
P. 0. Box 7388
Tulsa, Oklahoma 74105

NOT DELIVERABLE AS ADDRESSED:

McMillan Heat Pumps, Inc.
P. O. Box 5897
Jacksonville, FL 32200

Royal Air Conditioning Co.
1035 E. 26th Street
Hialeah, FL. 33000

Supreme Air -
Santa Fe Springs, CA - 90£70
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. Research Engineering Mfg., Co.
Phoenix, AZ 85000

Patco, Inc.
Pennsauken, NJ 08110

Mueller Climatrol Corp.
Discataway, NJ 08854

Sunsau ' o
Tewksburg, MA 01876

Vanguard Energy Systems
San Diego, CA 92100

‘Advance Design Associates, Inc.
Temp. Master Systems
Orlando, FL 32800

RESPONDENTS WITH PREVTOUSLY ESTABLISHED COMPUTER MODELS
REGARDING HEAT PUMP ( “TBACK:

Carrier Corp.
Research Division
Carrier Parkway
Syracuse, NY 13221

Trane Air Conditioning
LaCrosse, WI 54601

RESPONDENTS SUPPLVING VALUABLE INFORMATION pASED ON' PAFERS
EXTERNAL TO THEIR COMPANY: .

Borg Warner Corp.

York Division - Unltary Products
P. O. Box 1592 ‘

York, Penn. 17405

Sinéer‘
Climate Control Division
Cartaret, NJ 07008

City Investing Co. - .
Rheem Air Conditioning Division
5600 0ld Greenwood. Road

Fort Smith, AK 72903
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Electric Power Rescarch I-stitute
3412 Hillview Avenue

P. 0. Box .10412

Palo Alto, CA 94303

RESPONDENTS WITH REFcRRALS TO ANOTHER SOQURCE:

Scars, Roebuck and Co.
925 S. Homan Avenue
Chicago, IL 60607

Friedrich Air Conditioning & Refrigeration Co.
4200 N. Pan Am Expressway '
P. O. Box 1540

San Antonio, TX 78295
Bard Manufacturing Co.

P. O. Box 607

Bryan Ohio 435C6.

Thermo Products, Inc. . ' ‘
P. O. Box 217 . ' '
North Judson, Ind. 46366 '

Héat Controller,' Inc. . _
Losey at Wellworth ‘ ‘ .
~ Jackson, Michigan 49203

e &t
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COMPUTER SIMULAT. ! STUDTES

The dynamic computer model has bccomc an integral part
of the analysis of heating systems. The calculations of
hourly heating loads based on building size, occupancy and,
infiltration characteristics are¢ inherently less tedious. And
field data has proven that, in cereral, dynamic models are
more accurate than the conventiona! bin methods.18 This
practice of using dynamic computer simulation models becomes
very appropriate- for hcat pump systems. In additior to cal-
culating heating load, the capacity of the heat pump may also
be determined. This is important because of the dependency of
heat pumps on changing outdoor temperatures.

The basics of the models can be understood by reviewing
the work of the Carrier Corp., done in 1978. The excerpt
which follows does not include specific equations; their inclu-
sion is not as important as the basic philosophy of the nodel.
The paper was written by Dr. Charles Bullock of Carrier Corp.
and is entitled "Energy Savings Through Thermostat Setback
with Residential Heat Pumps". 1t appeared in the ASHRAE
Journal in September 1978 under the title of “Thermostat

Setbacks and Residential Heat Pumps”
Simulation Model

The present study was conducted using a detailed
. digital computer simulation program which predicts
the true dynamic or cycle-by-cycle performance of
an actual heat pump when applied to a particular
combination of residential structure, controls and
‘weather (temperature, solar radiation, wind speed).
Details of the simulation model have been pubiished .
and will not be repeated here. 1In operation, the
program determines the instantaneous space heating
load at a given point in time, accounting for all
modes of heat transfer through the structure as well
as for thermal storage effects. .The equlpment
instantaneous heating Capacity~is then calculated
and compared with the heating locad -- a discrepancy
leads to a temporary change 'in the occupied space
temperature. The space temperature is sensed by the
thermostat which, in turn, makes appropriate adjust-
ments to -the equipment perfoimance. Changes in the
space temperature also affect the instantaneous
heating load. .
The simulation model thus accounts for. the
interactive and feedback effects which occur in a
real-life heat pump installation. 'The computation
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procedure is repcated for cach time step in the period
of interest, using sufficiently small time steps.

(30 scconds, typically) to insure accuracy of the
results. Although the system model can be used simply
to determine equipmrent oper:t‘ng hours and enerqgy
consumption for various operating conditions, it

also yields information about the transient performance
of the system, including the number of compressor
cycles, strip heat cycles, and room temperature cvcles. |
Variation in control s’rategies, such as thermostat.
setback, is also simple to investigate with a cycle-
by-cycle simulaticn, but may be impossible with a
simpler procedure such as a "bin" method.

The simulation models for the structure controls
and equipment utilized in this study have been verified
and refined through the use of extensive laboratory
testing as well as field data from fully-instrumented
residential heat pump systems in Boston, Syracuse,
Minneapolis, and Seattle. The heat pump systems
in Syracuse and Seattle, in particular, have recently
initiated experimental thermostat night setback pro-
grams. These installations were monitored during the
current heating season to provide actual field data
which will be used to qualify the results presented
in the present paper.

The present study is based ¢a the hlnneapolls
test house whose key features are shown in Table I.
Minneapolis was chosen for the present study because
of the large number of hours of low outdoor tempera-
tures which would accentuate any effects due to, low
temperatures. A key factor in the results is the
amount of auxiliary strip heat used.with the heat
pump. The strip heat capacity shown (17 kW, in two
8.5 kW stages) is that neecded to satisfy the design
heating load. An outdoor thermostat, set.at -3.99C
(25°F) was used to control oné of the strip heat
stages.

: The base system simulation had thormostat setpoints ’
as follows: _
" 1lst stage (heat pump): 21.1°C (70%)

2nd stage (strip heat): 20.09C (68°F)

The base simulation alsc initiated automatic
defrost cycles at fixed increnents of compressor
run time (90 minutes). during which there was automatic
tempering of the c1rculat1nq air by one or both strip
heat elements.

The preceding model was onc which was used as a_data

base in our study. The others ‘@¢re the Honeywell study -
/ritten by George Schade, entitled “Saving Energy by Night

26
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Seitback of a Residential Heat Pump System", and the ORNL

study - written by R. D. Ellison, entitled "Savings in Energy -
Consumption by Residential Heat Pumps: The Effects of Lower
Indoor Temperatures and of Night Setback." Three studies

~ were used for several reasons. First, three different opinions
- and corresponding results, were presented by the three authors.
It was not the scope of this study to determine the most
accurate or to develop our own simulation model. It should

be noted, though, that several manufacturers are currently
engaged in developing new data; computer models and further
research by neutral agencies is both appropriate ahd needed.
The second reason for using three studies was to obtain a more
diverse data base on which to calculate life cycle economics.
In addition, ‘it was felt that these studies provided the most
realistic results on which heat pump setback could be repor-
ted. Refer to the following table for comparatlve data
regarding the three studies.

ECONOMIC AND ENERGY CONSIDERATIONS OF NIGHT SETBALK

‘The decision to implement an alternative system, of any
type, has invariably been based on cost. The economics of
the alternative are examined and the determination made.

Recently, the rapid acczleration of energy prices has
created several interesting aiternatives .to conventional
policies. The shortage of non-renewable fossil fuels some-
times makes the decision an energy-based one rather than a
cost-based decision. Local availability and national surplus
are two considerations important to this philosophy. ' Also,
as energy prices continue to accelerate, conservation alter-
natives become increasingly more attractive.

Depending on geographical location and prlorltles, the
facilities engineer must dec1de whether the decision to
setback will be based on cost savings or energy savings.

This report does not attempt to establlsh the order of
priority of these factors.

~ . Our results show that the cost sav1ngs whlch can be
expectea are greater in certain regions of the country . -
primarily colder climate regions. Other factors which effect
‘savings potential are electricity cost and initial cost.
When initial cost (of .alternative system) increases, savings
potential decreases. When electricity cost increases, savings
potential increases. This iS'yery important. Appendix B
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shows life cycle data.
Refer to DOE Region 1 - Boston. The electricity cost
is $.06/kWh. For a 1.5 ton system with two outside thnrmo-

stats, the alternative setback svstem employs 10°F of sauvback.

The accompanying energy savings and cost savings are 11.7%
and 5.8%, respectively. Now refer to DOE' Region 8 - Denver.
The electricity cost is $.036/kwh. The energy savings and
cost savings are 13.59% and 5.1%, respectively. Note that in
Boston, where the electricity is more expensive, the cost
savings potential is greater. This example also illustrates
another important point. The heat pumps are exact in size.
The setback is 10°F in both cases. The control scheme is
exact and the average winter temperatures are very similar.
Yet the energy savings are predicted at 13.5% for Denver and
only 11.7% for Boston. The base annual fuel cost is $352
for Boston and only $212 for Denver. :rWhat caused such a
large difference in percent energy savings and cost for such
similar systems?

1. The respective electricity rates. If the consumption
in Bcston was figured with a Denver electrxcxty rate,

the bill would be $211.20.

2. The ecnergy cohsumption savings di!ference can be
explained Ly remembering the weather data was read
hourly. Denver commonly has a very cold morning

temperature followed by a series of warmer temperatures

throughout the day and evening. This causes the .
average winter tempecrature to appear low and is a

good reason for ‘calculating consumption on an hourly .

basis. By reviewing the remaining analyses in
Appendix B, ‘it is apparent that energy savings
percent is greater when the climate is warmest.
This is what happencd in the example of Boston
and Denver.

The data in Appendlx A reveals several conc1u51ons

regérdlng economics and energy con51deratlons ‘of night setback

' of heat pumps:
1. Encrgy savings, in percent, are greatest in warm
. climates. _ - '
2. Energy savings, in consumption, are greatest in
. cold climates. '
3. Cost savings are 1ncroased when electricity price
is increased.

4.  Cost savings may be noqlxglblo even if encrgy savings

arc achievable.
The facilities engincer should refer to che Recommendations

section of this report for guidance on practical applications.
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MARKE'' CONSIDERATIONS

The purpose of this section is to explore the market
acreptance of heat pumps and sophisticated controls. Con-
ciusions will be drawn regarding the acceptance and applica-
bil ty of these items. - :

Heat Pump Market Acceptance

The history of the acceptance of the heat pump is well
documented. The Gordian report - "Evaluation of the Air-to-
Air Heat Pump for Residential Space Conditioning” - as well as
numerous other documents report market acceptance as poor.
.Twenty five to thirty years ago the market was very poor due
to poor reliability. However, as reliability improved and
energy prices continued to rise steadily, the sales of heat
pumps grew immensely. The Gordian report, which was issued
in 1976, concluded that heat pumps offered an attractive
alternative to oil fired systems in northern climates.
However, they would not be popularly accepted until gas became
excessively expensive or unavailable. Several tables taken
from the Gordian report have been included in this section.
Table 2 is a reference table to obtain depreciation perious
of various heating and cooling systems. The heat pump :1s
the shortest depreciation period. Since 1976, this figure
of 9 yecars has not chaaged significantly. Our survey of
dealers indicated an average depreciation perjiod of 10 years.
Table 3 shows the 1975 rates for electricity, natural gas,
and fuel oil. The annual opera*ing and energy costs are
presented in Table 4 and Table 5. In 1976, it was more
expensive to own a heat pump than a gas furnace in every
city except Seattle, where electricity rates were very low.
This is still true today.| According to almost 100% of dealers
surveyed, a gas furnace is less expensive in every location
'except where gas is unavajlablc or electricity is exceedingly
inexpensive. The samec dealers recommended against the use of
heat pumps, even their own. Table 6,from the Gordian report,
.relates the needed 'increase in gas price to make the heat.
pump cost competitive. Implicit in this estimate is that the -
price of electricity is not allowed to increase. .The Federal .
" Register, Part IV, reports the prices (1980).of fuels. By
comparing the prices in 1980 to those in 1975 given in Table
3, and then comparing thel|increases to those given in Table 6,
several interesting conclusions result:

1. The percent incre¢ase of gas price was not great

cnough in any DOE region to make heat pumps cost
competitive.
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TABLE 2

DEPRECIATION PERIOD OF HEATING AND COOLING SYSTEMS

Capital Recovery Depreciation
. Factor . Perind
Coriponent ' {2t 9% Interest) o AYears)
Heat Pump ' 0.1668 91
Central Air Conditionar 0.1560 10b
Gas Furnace 0.1203 : leA
0i1 Furnace 0.1560 " pb
011 Tank | ~ 0.1095 20b
Electric Warm Afr Furnace ~ 0.1240 15b
Electric Baseboard Heaters  ‘1 0.0929 - apb
Room Air Conditioners . 0.1560 o 1oh
Ductwork, Chimney 09 ot

Sources:

‘a. - Industry spokesmen give the life as 8-10 years,

"b.  ASHRAE_Handbook and Prodict Directory, 1973 Systems (11)

c. Internal Revenue Service
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AUGUST 1975, YFIECTIvi AVERACL RATES FOR

TABLFE 3

HEATING : ELECTRICITY, NAYURAL GAS, and FUEL OIL

Aversce Energy Cost, Dollars

Electricity

~ Houston - 0.016
Birmingham‘ 0.022
Atlanta 0.019
"Tulsa 0.016

Philadelphia 0.025;
, 0.043

Seattle 0.009°

Columbus 0.026¢
Cleveland 0.026
Concord 0.032
-U. S. Average 0.038

Sources: See Appendii B.

a
b
,c‘
d
e
f

A1l Electric October to May
All electric Except October to .May .

A11 Electric
Kate for Tulsa, Okla.
Cordian Associates (5)

U.S. Bureau of Labor Statistics (13). Mot an average of tatmlated prices.
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0.140
0.133

0.1206

0.123

6.7

0.247
0.146
0.128
0.203

0.152fF

Natural Cas

(Per Therm[

)

Number 2 Fuel 0il
(Per Gallon)

0.310¢
0.370
0.350
0.319

0.389

0.396
0.378
0.378
0.409

0.301f
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City
Houston.
Birmingham
Atlanta
Tulsa
Philadelphia
Seattle
Columbus

, Cleveland

Concp'd

TARIE A

INCREASE OR DECREASE [N GAS OR OIL PRICE

TO MAKE HEAT PUMP COST-COMPETITIVE
WITH FOSSTL FUEL SYSTEMS
(Local Tariffs - August 1975)

Per Cent Increase (Decrease) in Unit Pricead

Gas 011
485 (36)
219 (59)
254 (36
162 (a1)
- 84 (18)
(29)" ﬁ89)
165 (2)
207 6
35

143

@ A dpcrease means that the heat p

current prices. - ,

ump is the better investment at

rh___b..-.‘. .
i .
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TARLE 7

INCREASE OR DECRFASE IN EFFECTIVE ANNUAL ELECTRICITY

PRICE FOR ELECTRIC RESISTANCE SYSTEMS NEEDED 10 MAKE
~ THE HEAT PUMP COST-COMFETTTIVE WITH THiH
(LocaThTEr\fT— - Kugust !975}

Per Cent Increase or {Decrease)? in Unit Price

o “Eiectric Furnace Baseboard Heat and
City and Central Air Conditioning Room Air Conditioning
Houston 657 463
Birmingham - 36 ‘ o sh
Atlanta ' : 25 : 475
Tulsa : {3 | : 205
Philadelphia ‘ (55) 45
Seattle ' 33 409
Columtus o (34) - 80
Cleveland _ (63) 4]
Cpncord : (59) c

[, - - —

a4 decrease means the hoat pump 15 the better investment at current
prices.
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2. The increase of electricity price in Scattle made
the use of heat punps thére unceconomical according
to the figures given in the Gordian report.

3. The national average increase in gas nrice, related
to incrcase in electricity, was about 120%. It '
would have needed to be about 190% . to make heat pumps
cost competitive.

Harkot Acceptance of Sophlst1cate‘ Controls

The general market acceptance of microcomputer controls
is very good. The recent ASHRAEZ convention in Chicago
(January 1980) was dominated by control manufacturers' demon-
strations. Many companies presently produce and actively
advertise microcomputer controls. This is not necessarily
the case for heat pump controls. Several sophisticated
controls currently manufactured are adaptable to heat pumps.
Yet their acceptance is not popular, possibly because many
heat pump manufacturers recommend against. the use of night
setback. During the course of numcrous conversations with
manufacturers and dealers of heat pumps, a large percentage
indicated that the use of sophisticated controls is unneces-
sary. This leads to the conclusion that market accentance'
of sophisticated controlq, microcomputer or otherwis , for
use with heat pumps is currently poor. !

We feel that the popular acceotance of m1crocomputor
controls could be rcalized by:

1. Obtairiing more conclusive data on the benefits

of night setback.

2. Relating the potential energy savings to the

customer according to the geographical location. <

3. Reducing the installed price of the€ controls to a i

cost cffective level. :

In short, zontrcls designed specificalliy for nlght sct-
back of hecat pumps are not popular. More research is required . ;
to determine .their true benefits. Until this research is '
cocmplete, the facilities enginecer will find it difficult ‘
to locate a control system to mcet the needs of the facility.

HEAT PUMP CONTROLS

It is becoming increasingly cvident that encoray conser-= .
vation by hcat pump thermostat scetback will be accorplished
primarily by the use of newly developed rontrolo. The complen~
ities involved with the reliable operation of heat pump
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systons can no longer be handled ¢ificiently with conventional
controls when setback ls integrated into the system. This does
not nean that the controls presently on a heat pump must be
replaced.  Encergy conservation is possible in certain regions
with the prudent selection of sctback scheme. However,

enercay conservation will be increasced if the thermostat is
microcomputer controlled. '

‘*he purpose of this section is to discuss basic control
strategies, sophisticated control strategies, cost justifi-
cation of these new controls and manufacturers currently
engaged in developing these controls.

Basic Control Strategies

The control system should be designed to provide flexible
and ef fective heat pump operation.l® Capacity modulation,
heating to cooling selection, and automatic defrosting should
be provided. The control system should prevent the use of
electric resistance heat until 1) the heat pump system is
unable to satisfy the heating requirements at full capacity;

2) the outdoor air-is below a predetermined outdoor tempera-
ture. - Several methods of system changeover commonly used are:

1. A conditioned space thcermostat

2. An outdoor air thermostat

3. Mdnual chanqeover

4. A sensing device which responds to greater lOad

requirements S

Typically, a control systen consists of a two stage thermo-
stat. One stage is set inside for the desired temperatureg
The other stage 1s set outside. Normally the setting is -
around the heat pump balance point - the tempcrature at which
the compressor can no longer satisfy the heating load by itself.
When the outdoor temperature drops below the setting, supple-
mental electric resistance hecating is the result. Additional
problems occur with heat pump systems. The most devastating
problem relating to controls is defrost. ' Reports indicate .
that with typical demand-type defrost controls about 8-10%
of the annual energy consumption is due to defrost. Loss of
refrigerant, compressor failure, and temperature sensing
are other problems which typically need control but rarely.
arc included in conventional control schemes.

Sophisticated Control Strateqgics

Our studies indicate that Honeywell and several other
_manufacturers are currently develoding sophisticated controls
to insure effective night setback. - The mechanics of thes
controls is not known. However, one thing is certain: Their
initiual cost must be low enough to justify the purchase. .

0
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This 1s, no doubt, onc.of the major problems confronting the
design engineers.
The controls of the future will be microcomputers. They

will be able to perform new and improved control functions

by solving difficult system problems. In September of 1980
in the ASHRAE Journal, Bonne and Mueller of Honeywell, Inc.
indicated in theilr paper, "Heat Pump Controls: Microelectronic
Techrology", that the 11 major control prlorltles are, in
order of prlorlty
. Improved Defrost
. Loss of Refrigerant Proteytlon
. Compressor Fault Detection/Indication

Field Diagnostic Package

Minimum Off Timer
Crankcase Low Temperature Interlock
. Automatic Auxiliary Heat
. High Discharge Temperature Protectlon

9. High Discharge Pressure Protection
10. 1Inadequate Indoor Air Flow Protection

11. Automatic Emergency Heat

OB W
i

The paper discusses the unique abilities of the micro-
computer to accept messages from sensors, interpret them, and
eliminate the problem or warn the customer. The major benefit
of such a system would be to detect problems before they occur
and, therefore, save the customer money on maintenance. In
addition, it would efficiently control defrost and other pro-
blems which increase energy consumption.

This control system is one which employs a cathode ray
tube (CRT) to aid the installer or customer when diagnosing
the problem. For residential systems, this would entail
costs far too excessive to be justifiable and would need to
be eliminated. The addition of a setback scheme would also be
helpful and may be along the lines of what Honeywell is cur-
rently developing.

Another system which relates directly to the problem of
setback would be a microcomputer control system which:

l.. Has the capability of nultiple setback. .

2. Senses and memorizes all pertinent information

such as outdoor temperature, electricity cost, strip
 héat capacity, etc. . _

3. Calculates, at reqular intervals, estimated energy

savings taking morning recovery into account based on
instantaneous computations.

4. Overrides sctback or changes amount ‘of setback .to

insure net encrgy savings.

40
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Obviously, a large amount of information would be required

in such a system. The information needed would differ for
‘every location. Most importantly, the controls would reguire
‘these amazing capabilities all at a rost effective price.

Cost Justification .

Each control system can be individually ‘evaluated for
energy savings and corresponding cost'savings. Depending on
the ability of the system, each will have an associated
maximum cost. By referring to the computer printouts in
- Appendix B or the graphs in Appendix C, one can see how cost
savings differ greatly for every region. The energy savings
would probably be greater for a sophisticated microcc »uter
control system. But based on the data in Appendix B, this
study has formulated the following equation as a general rule
of thumb: ‘

"For every dollar saved per year on fuel as a result of

setback, $6.45 can be spent on a control system, in
order to break even."
Appendix A presents an explanation of :the equution-which
predicts % energy savings.

EXAMPLE : : : .
. Heat Pump Capacity = 2.0 tons
Price of Electricity = $.048/kWh
Average Winter Temperature = 359 F
Annual Fuel Cost = $500

Setback (°F)Per Night ='10° (10:00 pm to 6:00 am)

Using the emperical equation, % savings will be 10.85%.
Therefore, total dollars saved will be .1085($500)=554.25.

To ‘break even: 54.25 (6.45) =.349.91,0r approximately $350.00
could be spent on a control system, completely installed.

Wafranty and Safety Codes
Of dealers ahd manufacturers contacted; 100% stated there

would be no problems associated with the original heat pump
warranty or safety codes if additional controls were installed.

Manufacturers
In regards to a control system capable of insuring

setback savings, no manufacturer has actively engaged in the
-advertisement of such a system. A tremendous amount of

41
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advertising literature was gathered at the ASHRAE convention
in Chicago in January of 198l. Of all the microcomputer
ontrol.dcmonstratLOPS, only one has heat pump sctback features

and ' override functions. The SHARTSTAT 1000, manufactured

by MSI Control Products, claims the following:

Savings - "Mcst important, with its three scparate
setback programs, the SMARTSTAT 1000 can help
you cut back on your consumption of energy.

o v ... by up to 30%, or even more.'
Heat Pumps - "In a class by itself, the SMARTSTAT 1000
" has becn designed to operate with all gas-
fired, oil-fired, and electrically powered
control heating and cooling eguipment...
... as well as all multi-stage heat pump
systems currently available.™

" Replies by salesmen that werc questioned indicate that the
total installed cost is around $300.00. Using the rule-of-
thumb referred to earlier means that the savings would need to
be at least $46.50 per year. Carrier, ORNL and Honeywell
studies as well as our study, show that this type of savings
is achieved only in cold climates such as Minneapolis, Boston,
and Chicago (w1th 10° setback). The SMARTSTAT literature
estimates a 10% savings for these cold climates using 10°F
setback. This means the annual energy bill would need to be
$465.00 or less to break even. In very few cas?s is the energy
bill for heating this low in these climates.

Clearly, the challenge to, the control industry is evident.
Cost effective controls are needed. However, with the rapid
increase in utility rates, sophisticated contrc¢'is may become
increasingly more justifiable. And as they do, their increasing

availability may push the prlce even lower, maklng them even
more cost effectlve. .

HEAT PUMP EQUIPMENT

This report has primarily dealt with how setback is
affected by controls. The success of a setback scheme is
not always attributable to the type of controls. Variations
in opcratlnq characteristics of the heat pump are very much
a factor in sav1ngs potcntlal

Heat Pump Characterlstlcs Which Effect Sctback

The most important characteristic of the heat pump is
the capacity;zo There are many documents which report that

42
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the capacity directly and indirectly effects energy consump-
tion. The capacity directly effects energy consumption in
the, following manner:

Increased capac1ty -+ larger compressor + increased energy
consumptlon
The capacity indirectly effects energy consumption 1n
the following manners:

Increased capac1ty + shorter compressor on- tlme + lower COP -
+increased energy consumption :

Increased capacity '+ less strip heat demanded + decreased energy
consumption

The contradiction is that increased capacity increases energy:
used directly and decreases energy used indirectly. The
important factor in correctly sizing the heat pump is building
heat load.. Building heat load is directly affected by severity
of climate. Groff, Bullock and Reedy, of Carrier report that,
in general, the correct size for a heat pump is 3.5 to 4

times the structure hcating load (for cold climates). 21

For warm climates, the heat pump is sized for coollng. In

" this manner, the heat pump is not undersized - setback poten-
tial savings are critically decreased when the heat pump is
undersized. Tc¢ understand how this occurs, refer to the
following example: '

HEAT PUMP A -

Capacity 3.0 tons

copP = 2.8
The bglance point of this heat pump will be assumed to
be 30°F. Above 30°F, the compressor can supply all the
heating needs of the structure. Below 30° F, the strip
heat must supplement the compressor.

HEAT PUMP-B

Capac1ty =.2.0 tons

cop .= 2,8
Because of thesmaller capacity of heat pump B, assvm2 the
balance point is 349F. Remember that the COP, or efficiency,
of the electric resistance strip heaters .is 1.0. ' The structure
heating load calls for using the strip heat' of system A 15%
of the .time. For the same structure heating load, assume
system B must use strip heat 25% of the time. The "system COP"
of system A will be: .

.85 (2.8) + .15 (1.0) = 2.53
- 43
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While the "system COP" of systeém B will be:
.75 (2.8) + .25 (1.0) = 2.35 .

System A will consume less encrgy if compressor on-time is
not severly hampered. Of course, the drawback, economically
speaking, 15 that larger heat pumps cost more initially.
1f the facilities enginecer is considering setting back the
thermostat of a heat pump, the effects of increased capacity .
are even more important. The morning recovery period is
usually the coldest part of the day. In addition, the need
for quick recovery for comfort reasons calls for increased
use of strip heat. Larger capacities decrease the need for
strip hcat - increasing system COP. The p01nt is, and it is
verified by the energy sav1nqs equation given in this report:
" "If heat pump capacity is considered large or oversized,
then the chances for sav;ng energy by employing night
setback are increased."

It should be realized, though, that the proper sizing
of a heat pump is critical. The heat pump should not be
oversized only because it makes setback more successful.
Defrost is also related to hecat pump capacity. Carrier
Research Division experts report that defrost consumption can
be decreased to around 4 to 9 persﬁnt of total consumption
by properly sizing the heat pump. Another interesting
point, only about 2/3 of this is actually a penalty. The
rest is. accrued as a useful contribution to the heating of
the building. Carrier also reports that a properly sized and
installed heat pump could be expected to last 15 years. 4nils
is a significant increase over the average of 10 years and
could account for large savings in an extended life cycle
analysis. .

Design Changes in Heat Pumps

There are several technologlcally advanced ideas whlch
would make setback of heat pumps more successful.

Dual stage compressors are currently available. to the
consumer in most areas of the counbry.23 The initial cost
is greater; however, their benefits may outweigh the cost,
especially as electricity prices continue to climb. Reports
~indicate that about 90 percent of the year the heat pump
‘capacity is excessive. © If the first stage is half the
specd of the total compressor speed possible, the following
advantages would be obtainad:

1. Compressor efficicney is increased.
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2. Noise level is reduced 56 percent. .
3. Equipment life is incrcased by reducing mechanical
wear.

when the heating requirements o the structure exceed the
capacity of the first stage, the second ctage would be used.
Strip heat would be used when the capacity of the second

sta‘Je is excceded. For single stage units currently under-
sized, the advantage is that the meore efficient second stage
is used instead of strip heat. For single stage units currently
oversized or correctly sized, the advantage is that the flrst
stage is used instead of a more enerqgy consumlng one

stage compressor.

Another, design change to the heat pump is the replacement
of electric strip heat with solar supplemental heat. Similar
to this is the system of supplementing solar heat with a
heat pump. A large amount of research in this area has been
conducted, primarily by Dr. Ronald H. Howell of the University
of Missouri - Rolla and Warren F. Bessler of General Electric
Co. Their conclusions on the subject are similar:

1. Solar systems with supplemental heat pumps are most
economical among solar - heat pump systecms.

2. Solar - heat pump systems are not cost competitive
with heat pump systems, (i.e. solar assistance 1is
not as economical as electrlc resistance  assistance).

. warranty Considerations of Setback System$

Neither the warranty or the Underwriters Laboratory
safety code are in jeopardy if sctback of heat pumps is
initiated in a prudent style. Only the unauthorized service
or tampering of the system could violate the warranty.

" In summary, heat pump equipment studies lead to the
following conclusions: o

1. Setback of hcat pumps at night is more economlcal
with oversized systems.

2. Heat pumps should be properly 51zed to obtaln
maximum economy.

3, The benefits obtained from properly sizing a heat

' pump probably outweigh the benefits of setting back
an oversized heat pump. .

4, Heat pumps with capn;xby "nuulatlon (two staqge comp-
ressors, etc.) arc more efficient than conventional
heat pumps. - Capacity modulution is advantageous for
“heat punp systems with night setback.
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RESULTS

This section reviews and interprets the data found
in Appendices B and C. The results will be used to
formulate final conclusions and recommendations. The
Facilities Engineers can use the recommcndations to
determine their specific setback policies.:

DOE Recion 1

DOE Region 1 is a cold clinate region with expensive
fuel. Natural gas is more expensive than in any other

‘DOE region; electricity is second most expensive in DOE

Region 1. This combination of cold climate and expensive
€lectricity makes night setback attractive in this area

of the country. Appendix B shows life cycle economics

for the various DOE reg.ons. Boston was the city from DOE

.Region 1 which was evaluated. The average winter temperature

of 40.0°F is fairly mild for this region. Our studies,
based on previous computersiimulations show that savings of
4.4 percent in cost can be realized over a 10 year period.
Note that investment cost and maintenance cost are equal
for the cases shown. . Our assumption was that maintenance
costs of a setback system would not increasc because
compressor on-time would increase. This was verified by
dealers and manufacturers of heat pumps. Investment cost
did not increase because manual setback was assumed. The
226 dollars which would be saved over a ten year period is
probably a conservative estimate for DOE Region 1. Colder
temperatures and a larger heat punmp would only tend to
increase total . dollar savings. Appendix € is a collection
of graphs based on the data in Appendix B. An important
point to realize is that the relationshin between % savings
and amount of setback is not perfectly linear. However,
for the interval under study, the relationship shown is
adecquate for serving as a general quideline. By multi-
plying the amount of setback, in "F, by the length of set-
back in hours, the Facilities Engincer may obtain the
achievable % savings in energy or 'cost. Caution should

be takcn when the degree hours exceeds 80.  The "curve"
will tend to flatten out after 80, giving less and less
savings for increcasing setback. The craph associated with
two outside thermostats shows an intercosting -fact. Savings
will be increased if outside thermostuts arce used to control
the heat pump auxiliary heat. rhis fact was apparent
throughout the study in all DOY reotons, recardless of
tempoerature or price of olectricity. : :
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DOE Region 3

The average prices of natural gas and electricity in

DOE Region 3 are higher than ths national average. The
averaye temperatures are not excessively low-in the
neighborhood of 40-459F. The expectation is that sotback--

would be advantageous in DOE Rezion 3. By examinina the
life cycle economics in Appendices B and C, the percent
savings are indeed scen to be relatively good. An average .
of around 50 dollars per year could be expected to be

saved for a rather large sized heat pump (3.5 tons).

The associated life cycle analysis shows a 239 dollar -
savings over a 10 year period for a system with no outside
thermostats and a 336 dollar savings for a system with two
outside thermostats. It is cleariy an advantage to use
outside thermostats to control the use of auxiliary heaters.

DOE Region 4

Atlanta was used as the example city for DOE Region 4.
The average electricity price in DOE Region 4 is below
the natlonal average,and the average winter temperature
is 51.7°F. The result is smali percent cost savings
and fairly large percent energy savings. The total energy
saved is not that great. Note that only 11-22 dollars
can be expected to be saved annually. The graphs of
Atlanta's potential savings in'aAppendix C are similar.
For warmer climates it is apparent that varying capacity
and setback scheme arc not extremely critical to savings
potential. . Yet thermostat arrangement and heat pump
capacity changed drastically; savings did not change.

DOE Region 5

Minneapolis, which is located in DOE Region 5, had

" the coldest winter temperature of any region in. the study.

The price of electricity is only very slightly above the
national average. Our results show that, although percent
energy savings are not great, cost savings and total encrgy

consumption savings will be very good. Minneapolis is well
" suited for night setback. Total savings in our study are

shown to be from arcund 100 dollars to as much 'as 500 dollars

over a 10 year period. In cold climates, however, care
must be taken to insure the comfort of the occupants
during morning hours. The problem which exists in cold
climates is not evxdont in a computer simulation. During

the morning recovery per xod whaen demand is high, the temper-

ature may. typically be -109F. The ability of the hcat.
pump to operate at a high COP is severly hampered. More
importantly, if supplemental heat is held. to a minimum,




the morning recovery will be lonrng, causing the occupants
to feel uncomfortable. The indication from the graphical
presentation of Minnecapolis is that a smaller amount of
sctback would be most logical. Seven or .eight degrces
~seem to be the point whérc the cost savings graph tends
to level off. An added benefit of .smaller sethack is
shorter recovery periods, thcereby coptimizing the amount
of savings with the level of comfozt.

DOE Region 6

DOE Region 6 consists ,of a number of states with
comparatively warm cllmates Houston has an average
winter temperature of 62.0 F and an electricity rate of
around $.044/kWh. Both of these parameters are disadvan-
tageous to successful night setback. Notice that percent
energy savings are high. This is deceptive. Cost savings
percent are only 1.5 and 1.8. Anncal heating fuel cost
is only reduced by 6 dollars for systems with no outside
thermostats and 7 dollars for systems with two outside
thermostats. The life cycle cost Zigures show that only
around 50 dollars can be saved over a 10 year period by
setting back thermostats ten degrees every night during
the heating season. For this reason, heat pump night
setback should not be recommended for DOE Region 6 or any
other warm climate region.

DOE Region 7

St. Louis, with an average winter temperature of
44.8°F and an electricity rate of $.043/kwh, was chosen
to evaluate DOE Region 7. Based on our data, there is
good savings potential with night setback in this req1on.
Even tnough the electricity rate is faxrly low and the heat
pump capacity small, the cost savings were still 4.2 percent
for the outside thermostat systems. Almost two hundred
"dollars could be saved over a ten year period by setting
back 10°F. Most probably, with a larqer heat pump, the
saviags would be even ¢greater. , :

DOF. Region 8 i

: Cenver, from DOE Region 8, is similar to St. Louis.
The aserage winter temperature is 40.8°F and electricity
costs $.036/kWh. Recalizing this is comparatively inexpen-
sive and 40.89F is not a "cold clirate", the expcected
result would be poor cost savings., On the contrary, our
studics indicate a possibility to save over 200 dollars
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Cveyr ton years.  The annual savings in energy of 13.5%
ig le) good, ceonsidering the heating bill is around
245 dollars annually with a 1.5 ton heat pump. This
example 1s indicative of an important point. Average
outdoor temperature has a greatcr effect on setback cost
savings than does electricity cost. High electricity
rates o increase potential savings by night setback.
Lven with low electricity rates, significant savings are
poscible if the temperature is arcund 40°F or below.

boe
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DOE Region 9

The city under study was Los Angeles. The wdarm climate -
and average eclectricity price are not conducive to success-
ful night setback. Inspection of the graphical and tabular
data reveal a very low potential for cost savings. Again,
just as in the case with Houston, the energy savings
.possibilities are around 20%. Yet only 60 dollars is saved
during a 10 year period. On this basis, it is assumed
night setback should not be implemented in DOE Region 9.

DOE Region 10

DOE Region 10. has the lowcs; electricity cost of any
DOF. Region, $.022/kWh. The average. winter temncrature in
Seattle, the city which was anal zed, is' 46.9°F. The effect
which these have on potential sav'nqs are drastic. Cost
savings of only around 150 dollars over 10 years, or 2.6
percent are possible.  These results are with an oversized
heat pump 8.5 tong, which is normally more of an advantage
to night setback. \

_Other Factors.Effecting Life Cycle Cost

Initial purchaJe and installation cost, along with
-annual maintenance costs, are the other ractors effecting
life cyc¢le economics. The capacxt) of the heat pump has
a . direct effect ¢h these costs. For instance, in our
study, the installed price of a 3.5 ton heat pump was
$4,120. The installed price of a 1,5 ton heit pump was
only §$1, '830. For warm climates the .investmcat cost is
the major portion of the life cyclice cost. It is mandatory
that the heat pump be sized correctly to avoid excessive
priccs. Maintenance costs are ‘also decidedly higher for
larger capacity heat pumps. The operating and maintenancg
costs of a 3.5 ton unit are around $178 while only $117
must be spént on a 1.5 ton heat punp (base year costs).
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In cold regions of the courtry it is anparent that
energy costs make up a substantially large portion of the
life cycle cost. The properly sizod heat pumn is probably
most ccoromical. Generally, thoush, oversizod units are
conducive to successfual sethacks. Therefors, a study
to determine the optirnam sizine based on scetback, defrost,
and other important fuctors would be helpfal. '

DOE Region Comparisons
t setback of heat punps has the best chance for -
r the following regions:

DOE Region 1
DOE Region 3,

Night setback would probably benefit the heat pump
owner in the following regions: ’

DOE Region 5
DOE Reagion 3
DOE Region 7

Night sctback 1s not recormended for the following
regions?

DOE Region 10
DOF Region 9
DOE Region 6

CONCLUSTONS

Heat pump night setback oficers a potential for enerqgy
savings in-the range of 5-10%. Tho amount is depondent
primarily on the outdoor tempcraturd, heat pump capacity,
and amount of setback. Because of the variation of thesc
factors among different systems, each-heat pump system
should be evaluated individually.

More simulation studies and actual f£i.-14d data are:
nceded before reliable and correoct assumpt.ons can be
made regarding the cost ef fectivencss of n o jht sotback with
heat pumps. : - .
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Microcomputer controls are not widely available for
heat pump systems. They must become available, at a cost
competitive price, before setback becomes accepted on a
popular basis.

Total cost savings are greatest in regions with cold
climates and high electricity rates.

- Cost savings may be negligible even if enargy savings'
are achievable due.tu electricity cost, utility rate sche-
dules, and initial cost of add-on controls.

The benefits of properly sizing a heat pump probably
outweigh the benefits of setting back an oversized heat
pump.

Heat pumps with capa01ty modulation are well suited
for night setback.

RECOMMENDATIONS

Until more conclusive data is available regarding heat
pump night setback, the following recommendatlons should
serve as general gu1de11nes

1. Do not set back thermostats if the average winter '
temperature is greater than 50°F.
2. Do not set back thermostats if the heat pump is
not equipped with an outdoor thermostat to control
- .. auxiliary heat.
- 3. Set back thermostats only if the follow1ng have
' been completed:
a. Percent sav1ngs are‘'calculated by using the
equation in Appendlx A.
‘ b. Total cost savings are determined.by multi-
plying percent savings by total annual
~ . energy bill.
¢. Determination of the benefits of the savings
to the facility is made.
_d. The outdoor thermostat is set 2°F above the
' balance point of the heat pump.




DO not purchase a sophisticated control system

unless: , _

a. The purchase price is substantially less than
6.45 multiplied by annual cost savings and
the estimated life is 10 years or more. -

b. A new system becores available that guarantees
percent savings greater than that calculated
in (3a)

5D .
The purchase price is shbstantially.less'than
6.45 multiplied by the guaranteed savings
times the annual energy bill,
AND ' :
the estimated life is 10 years or more.
Refer to Appendices B ané C to obtain estimates

of the life cycle costs of the heat pump sSystem
with and without setback. '
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APPENDIX A"
EXPLANATION OF ENEF 3Y SAVINGS PREDICTION EQUATION

.34 - .015 (cap.)} AWT + (SB - 10)
027 (SB)? - .415 (SB) + 1.69}
.5 + .039 (65 - AWT)}

% SAVINGS =

{
{
{

Where - c¢ap. = capacity in tons,
S3 = Setback in °F o
AWT = Average Winter Temperature in °F

This equation is an empirical equation used to predict
percent savings in energy consumption due to night setback.
1t assumes the data found in the three computer studies

mentioned in this report is accurate and verifiable.

Based on our studies, fhe following conclusions about
the equation can be made:
1. 1t does not 5ccount for a variation in COP,
humidity, or type of control scheme.
2. It should be used when thé independent variables
have thc'foliowing ranges:
| 1l ton < ;apaéity < 5 tons
3 °F < setback < 15 OF
25°F < average winter temperature <.65°F
3. The QV¢uaqe error associated with thé equatién
‘s + 11%. |
4. The eqdation can and should be used as an initial
guideline for' deciding whether heat pump night
soébﬁck is cconomical. |
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- APPENDIX B ,
LIFE CYCLE ECONOMICS OF SETBAZK ALTERNATIVES
DEFINITIOI: OF TERMS

Note: Economic péfiod evaluated = 10 years.

1. 1980 Base Fuei Cost - cost per KWH of electricity
taken ffpm Federal Register - Part IV, April 30, 1979.
2. Averégé Winter Temperaturé - average temperature during
heating season of city under study - taken from ASHRAE

1980 Systems - chapter 43.

3. Setback Scheme - NOT = no outside thermostats

TOT

two outside thermostats

X/Y

X daytime temperature
Y setback tempera;u:e
"number before X/Y refers to amount of strip heat in
KW" o -
l4. Degree Hours of Setbaék/Night = AMOUNT OF SETBACK (°F)
lmultipliéd”by'LENGTH OF SETBACK (hours)

,;ﬁh5+4ﬂ1nvestment Cost =ﬁinitial»purchase cost + installation

cost = [{%00 <?esired capacit%) :9 + 1400 (capapit%]

3

.
'The first term in this.eguation was taken from

. "Uﬁitéry Air-to-Air ﬁeat Pumpsf by J.E. Christian of
ORNL. The.second term is a rule-of-thumb used by

heat pump. retailers.
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10.

Base maintenance cost is calculated by using the equation, .

Operating and Maintenance Costs = 165 <Eapaci€§>'5
, . AN 3

taken from "“Unitary Air—to—Aif Heat Pumps” by J. E.
Christian. |
Base‘Annual Fuel Cost = 1980 base fuel cost multiplied
by annual energy éonsumption as reported by respective
computer simulation.
Life Cycie Cost = Investmént cost + base'maintenance.
cost (6.6504) + base fuel cost (DOE factor) |
'The DOE faqtor is taken from the Federal'Register,
Part IV and accounts for escalating fuel pfices. The
factor éf 6.6504‘is the discount factér associated with
10 year‘period-and‘a 102 discount rate pluévthe amoﬁnt
associated. with a 7% increase per year after 5 years.
_Cost Sa&iﬁgs'= 100({Life cyclé cost of standard system
(no setback)}-{1life .cycle cost of alternate system

(with setback)})/life cycle cost of standard system.

fEnergy Savings'— taken directly from computer simu-

‘lation model.
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APPENDIX C
GRAPHICAL REPRESENTATION GF SETBACK ECONOMICS
**% SET POINT CCOST FMALYSIS *wx

FOE REGION 1 - ROSTON

ENERGY SAVINGS (PERCENT)

103

STANDARD ALTERNATIVE

1980 BASE FUEL COST (s/KQH) 2.063 0:060
AVERAGE WINTER TEMPERATURE (F) 40.0 40.0
HEAT PUNP CAPAPICTY (TONS) 1.5 1.5
SET-BACK SCHEME NOT 76/70 NOT 70760
DEGREE HOURS CF SET-BACK/NIGHT - 0 86
INVESTMENT €OST ($) 1830. 1830.
BASE MAINTENANCE COST (S/YEAR) 117. 117,

. BASE ANNUAL FUE; COST (%) 390. 355..
LIFE CYCLE COST (%) 5127. 4501.
"COST SAVINGS (PERCENT) 4ib

9.0 -
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xa% SET POINT CCST ZNALYSIS #%#

COE REGION 1

198C BASE FUEL COST (S/KWH)

AVERAGE WINTER TEMPERATUKE (F)

HEAT PUMP CAPAPICTY (TONS)
SET-BACK SCHEME

DEGREE HOURS OF ssr—eAcxiﬁ;er
IKVESTMENT COST (8)

BASE MAIN}ENANCE COST (S/YEAR)
BASE ANNUAL FUEL COST (S$).
LIFE cche CoST ()

COST SAVINGS (Pskceuf)

ENERGY SAVINGS (PERCENT)

104

BOSTON

STANDARD

TOT 70/70

1830.
117.
3¢9.

5185.

ALTERNATIVE

40.0

1.5

TOT 70/60

8C

183C.

117.

352.

4882.

5.9

1.7




2% SET PCINT CLST 2LALYSIS wew

CCE REGICK 3 - FPHILADELPHIA

1660 BASE FUEL COST (S/Kwh)
AVERAGE WINTER TEMFERATURE (F)
HEAT PUMP CAPAPICTY (TCNS)
SET-BECK SCHEME

DFGRCEAFCQPS (F SET-BACK/NIGHT

IMVESTMENT COST (%)

BASE MAINTERANCE COST (S/YEAR)

BASE ANU'. FUEL COST ($)
LIPE SYCLE COST (%)
COST SAVINCS (PERCENT)

ENERGY SAVINGS (PERCENT)

T ek D A, .t

O A O MU b o
' .

STANDARD

- w---

ALTERNATIVE

€.0s? ;
44,5 44.5 ]
' 2
3.5 3.5 ;
18 £§8/68 18 68760 i
0 64 }
o ]
}
612G. 4120. !
178. 178,
%00. 363.
Tite. 7647,
3.0
9.2
O ——————
: PN




*A® SET PUINT CrST 2NALYSIS eew

LOE PECION 3 - PHILADELPHIA

STANDARD
195C RASE ;UEL COST ($/KWH) 0.052
AYERAGE WINTER TEMPERATLRE (F) : 44.s
HEAT PUFP CAPAPICTY (TOKS) ‘ . 3.5
SET~RACK SCHEME o ‘ 18 68/62
DEGREE HOURS oF SET-RACK/LIGHT | c
ISVESTMENT COST ($) 6120,
BASE MAINTENAMNCE cc;1 (S/YEAR) : 172,
BASE ANNUBAL FUEL COST ($) , 4CQ.
LIFE CYCLE cOST sy o 7886.

“CCST SAVINGS (PERCENT)

ELERGY SAVIKGS (PERCENT)

106

ALTERNATIVE

- - a oo w—-

0.C52
‘6.
3.5
18 68755
1C4
«120.
17¢.
'343.
7550.
15;3 "




aas SET POINT CCST :NALYSIS 2#x

POE RECION & =~ ATLANTA

19£0 BASE FULEL COST ($/Kwk)
AVERAGE WINTER TEFPERATURE (F)
HEAT PUMP CAPAPICTY (TONS)
SET-BACK SCHEME

DEGREE hOURS CF SET~BACK/NIGHT
JPVESTMENT COST ($)

BASE MAINTENANCE COST (S/YEAR)
BISE ANNUAL FUEL COST (S)

LIFE CYCLE COST (3)

CCST SAVINGS (Péacfnri

EMERGY SAVINGS (PERCENT)

107

STANDARD

510'7
1.5

NOT - 70/70

o

117.
.99,

3264,

ALTERNATIVE

' 0.044
s1.7
1.5
NGT 70/60
80
1836.
17,
ss.
3161,
2.2




"o SET FOIMT CoOSY ANALYSIS wee

POE REGIO™ & -~ ATLANIA

1920 BASE FUEL COST ($/Kwn)
AVERAGE WINTER TEMPERATURE (F)
HEAT PUMP CAPAPICTY (TONS)
SET-BACK SCHEME

DEGREE HOURS OF SET-BACK/NIGHT
IRQFStn:ur €OST (3)

BASE MAINTENANCE CCST (S/vean)
- BASE ANNUAL FUEL COST.(S)

LIFE CYCLE €OST (3)

€OST SAVINGS (vinc:nt)

ENERGY SAVIKGS (PERCENT)

STANDARD

- - .-

0.0“
51.7
'.s :

TOT 720770

1830.
117.
99.

3264,

ALTERNATIVE

- - en e .- - -

o.c&si
51.7
1.5
YOT 70/60
80
1830.
17,
84.
3185,
'3.0

15.1




| #%+ SET FOIKT COST ANALYSIS wwe

DO§ RFGION & = ATLANTA

%

1980 PASE. FUEL COST (S /KUN)
'Avecaé: uxprth TEMPERATURE (F)
uearf}uvp CAPAPICTY (TOMS)
SET-9ACK SCHERE

ofcngs'touas or'sgr-ancx)uxcnr
INVESTMENT €OST (3)

BASE PAINTENANCE COST (S/YEAR)
BASE lhyﬁll‘futl cosr‘(s)‘
LgFE.gtttf c95tl<si

.COST SAVINES fpfnctnr)

ENERGY SAVINGS (PERCENTY)

STALDARD

0.044
©51.7
3.5

18 ~8/68

412C.
178..

126.

. 6009,

ALTERMATIVE

- e -

0.04%4
51.7

3.5

18 68/60

64

4120.
178.
102.
59i9.

2.0

- 14,8




*vs SET FCINT CuST AMALYSIS ane

DOE REGIOMN

1680 BASE FUEL COST (3/KWH)
AVERAGE WINTER TEMPERATURE (F)
NEAT PUMP.CAPAPIC1Y (féus)
SET-BACK SCHEPE

DFGREE HOURS OF SET=BACK/KIGHT
xnvcsrnsny'cost (s)

BASE MAINTENANCE COST (S/YEAR)
'sas:_unquL FUEL COST (3)

LIFE CYCLE COSI‘(S)

COST SAVINGS (PERCFKT)

ENERGY SAVINGS (PERCENT) o

110

4 - ATLANTA

STANDARD

- - v oo - o

0.044
51.7
3.5

18 68768

4120.
178,
120.

6069,

ALTERNATIVE

- - o

0.044
51.7
3.5
18 68/55
104
4120.
178.
98,

5953.

18.2




wxd SET PCINT COST AMALYSIS #us

FOE REGION S ~ »INNEAPCLIS

STANDARD
108¢ éase FUEL COST (3 /KuK) 0.049
AVERAGE WINTER TEMPERATURE (F) - 2a.3
HEAT PUMP CAPAPICTY (TONS) j . 2.0
SET-BACK SCHEME ‘I NOT 70/70
DEGREE HOURS GF sev-eacgz@anr' 9
INVESTMENT COST (S) ‘ 2400.
BESE zn;nr:nfncs COST ($/YEAR) ©13s.
BASE ANNUAL FLEL COST (3) | 574. -
LIFE CYCLE COST (8) | | 70¢t.

COST SAVINGS |(PERCENT)

EHERCY SAVINGS (PERCENT)

111

ALTERNATIVE

28.3
2.0
NOT 70/60_
80‘
2400.
135.
534.

6802. -

U

&fiu};«:m/ .
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**x SET POINT ~0ST ANALYSIS aws

1980 BASE FUEL COST (S/KWH)
AVERAGE WINMTER TEMPERATURE (F)

HEAT PUMP CAPAPICTY (TONS)

SET-BACK SCHEME

DEGREE HOURS CF SET~BACK/NIGHT
INVESTMENT COST ($3)

BASE MAINTENANCE COST (S/YEAR)

BASE ANNUAL FUEL COST (3)
"L1FE CYCLE COST (3)
COST SAVINGS (PERCENT)

ENERGY SAVINGS (PERCENT)

DOE REGION

- MINNEAPOLIS

STANDARD

28.3

2.0

YOY 70/70

o]

24C0.
135.

569,

T 112

ALTERNATIVE

- e w - - -

0.049
28.3
2.0
761'70150
80
12400.
135,
s13.
6664.
5.2

9.8




=*% SFT PCGINT COST /NALYSIS #wx

COE REGIONM

1920 BASE FUEL COST (S/KWh)
AVERAGE WINTER TEMPERATURE (F)
HEAT PUMP CAP#°ICTY'(IONS)
SET-BACK SCHEME

DEGREE ubua;lor SET-BACK/NIGHT

IAVESTPENT COST (%)

. BASE SAINTENANCE COST (S/YEAR)

BASE ANNUAL FUEL COST ($)

LIFE CYCLE COST (%)

COST SAVINGS (PERCENT)

EFMERGY SAVINGS (PERCENT)

S - VINNEAPCLIS

STANDARD

17 BASE

3550.
165.
840.

10159.

113

ALTERNATIVE

0.049
28.3
3.0
10 kv &
32
- 3550.
165.
820.
10028.
1.3

2.4

ey




Y > e

RN, ST - ~

*hd SET POINT CCGST :SNALYSIS wwa

DOE REGION S - MINNEAPOLIS

STANDARD ALTERNATIVE
19sd éAsr FUEL COST (S/KWH) 0.04§ 0.049
AVERAGE WINTER TEMPERATURE (F) 28.3 28.3
HEAT PUHP CAPAPICTY (TONS) 3.0 | 3.0
SET-BACK SCHENE | 17 BASE ¢ kW 10
DEGRIE HOURS OF SET-BACK/LIGHT | -0 80
quzsrneur'cosr (s) 3550. ' 3550.
BASE FAINTENANCE COST (S/YEAR) 165. 165.
BASE ANNUAL FLEL coér <) | 840. ’ 787. ‘ |
LIFE CYELE cOST (%) ) 10159, 9812 |
cost snv;ncs'(pencenr)' ’ 3.4
EAER;V SAVINGS (PERCENT) | - | | B 6.3 o | | e

114 '. ) . ‘ ) ' » " '




#%. SET POINT COST E'ALYSIS ###

LOE RECION 5 = MINVUEAPOLIS

1960 EASE FUEL COST ($/KWH)
AVERAGE WINTER TEMPERATURE (F)
HEAT PUMP CAPAPICTY (TONS)
SET-BACK SCHEME
DEGREE MOURS OF SET~BACK/NIGHT
INVESTMENT COST (S$)
BASE MAINTENANCE COST ($/YEAR)
BFSE‘ANNUAL FUEL COST ($)
LIFE CYCLE cdsf (s)

| COST SAVINGS (PERCENT)

EMERGY SAVINGS (PERCENT)

115

_ STANDAKD

28.3
3.0

17 BASE

3550.
165.

840.

10159,

ALTERNATIVE

3.0

17 KW &




A*% SET POINT COST ~NALYSIS #aw

DOE REGION 5 - MINNEAPOULIS

STANDARD
1920 BASE FUEL COST (S/KWH) 0.04;
AVERAGE WIMTER TEMPERATURE (F) 28.3
HEAT PUMP CAPAPICTY (TONS) - '3.6
ser-eAck SCHE ME 17 BASE
DEGREE HOURS ér SET-BACK/NIGHT S0
INVESTMENT cosi,;s) | | | : .3550.
BASE FAINTENANCE Cost (3/YEAR) 165,
BASE ANNUAL FUEL COST (3) ' 240.
LIFE CYCLE COST (S$) : i0159..4

COST SAVINGS (PERCENT)

EMERGY SAVINGS (PERCENT)

116

ALTERNATIVE

0.G49

28.3

3.0

17 kW 10
80
3550.
165.
791.
9838.

- 3.2




*kk SET POINT CCST ANALYSIS #ww .

DOE REGION 5 - "INMEAPOLIS

STAHDARDV
1980 BASE FUEL cosr-(s)an) 0.049
AVERAGE WINTER TEMPERATURE (F) ' 28.3
HEAT PQHP CAPA;ICTY (TONS) . 3.5
ssjoantx SCHEME | ' 18 68/68
‘DEGREE HOURS OF ssf-aAcx/xxGur 1]
INVESTMENT COST ($) ' 4120.
BASE MAINTENANCE COST ($/YEAR) - 178.
BASE ANNUAL FUEL COST (S) - ss0.
LIFE CYCLE coST (%) ,} .

COST. SAVINGS (PERCENT)

ENERGY SAVINGS (Pek‘csm)

. .17

ALTERNATIVE

18 68(60
64
4120.
178.
825.

10717.




*#%x SET PCINT COST AMALYSIS &«

OE REGION

1980 BASE FUEL COST (s/anj
AVERAGE WINTER TEMPERATURE (F)
"HEAT PUMP CAPAPICTY (TCNS)
SET-BACK SCHEWME

DEGREE HOURS OF SET-BACK/NIGHT
INVESTMENT COST ($)

BASE MAINTENANCE COST ($/YEAR)
BASE ANNUAL FUEL COST ($)
-LiFEVFYCLE COST ($)

COST SAVINGS (PERCENT)

"EMERGY SAVINGS (PERCENT)

5

- MINNEAPOLIS

STANDARD

0.049
28.3
3.5

18 68/68

4120.
178.
890.

11144,

18 -

B P SR A D 2 5

ALTERNATIVE

18 68/55
1G4
4120.
178.
798.

10540.

10.3




tdx SET POINT COST AMALYSIS wwx

DOE REGION & = wCUSTON

STAMCARD ALTERNATIVE
1650 BASE FUEL COST (3/KWH) . 0.044 0.¢44
AVERAGé WINTER TEMPERATURE (F). 62.0 62.0 .
hEAT PUPP CAPAPICTY (TOMS) o 1.5 1.5
SET-BACK SCHEME S NOT 7C/70 NOT 70/60
DEGREE MOURS OF SET-BACK/NIGHT o ec
}rvssrmsu{ (0ST (5) L 1330. - | 1830.
BASE MAINTENARCE COST (S‘IYEAR)‘ 117, ' : 117..
e;se ANKUAL FUEL €OST () © 40, 3.
LIFE CYCLE COST (3) | | é¢04, | 2260.
cest SAVINGS (PERCENT) o - o 1;§'
EFERCY SAVINGS (}:acgur) . P ‘ - 16.7

119




*t4 SET PCINT C(ST :VALYSIS aaa

DOE FEGION 6 - HOUSTYON

T9F0 BASE FUEL COST (S/KWH)
AVERAGE WIMTER TEMPERATURE (F)
MEAT FUKP CAPAPICTY (10MS)
SET~BACK SCHEME

DEGREE 1OURS CF skréeACxlnxeur
l!.VEgiﬂfNT COST (%)

BASE PAINTENAKCE cosr.(SIvsAﬁ)
e}si ANNUAL FUEL COST (%)

LIFE éYCLE (0ST ($)

cesy sﬂvxucs (PERCENT)

EMERGY SAVINGS (PERCENT)

,“ulzm

STAMDARD

- - -

Tor fo/ra
.
1830;
117.
Zb&

2904

ALTERMATIVE

TOoT 70/60
80

1830.
117,
33.

2852,

12.3

Dt e




| |
as% SET POINT COST LNALYSIS sea
LOE PEGION 7 - ST LOUIS
STADARD
1GEC BASE FUEL COST (S/KWH) 0.043
AVERAGE WINTER TEMPERATURE (F) b4.p
HEAT PUMP CAPAPICTY (TONMS) ' 1.5
SET~BACK SCHEME NOT 70770
DEGKEE HOURS CF SET=BACK/“IGHT ' 0
INVESTRENT COST (%) | 1830.
BESE MAINTENANCE COST (S/YEAR) 117.
SASE ANNUAL FUEL COST ($) - 209.
LIFE CYCLE COST ($) 3945, ..
COST SAVINGS (PERCENT)
ENERGY .SAVINGS (PERCENT)
< B | | 121,

ALTERNATIVE

- e w " on o -

0.043
44 .8
1.5
'Not 70/60

gc




**% SET FOIMT COST 2MALYSIS aes

' POE REGION 7 - g7 Lours

1940 BASE FUEL €OST ($/Kwk)
AVERAGE WINTER YEMPERATURE (F)
HEAT PUPP CAPAPICTY (TONS)
SET-BACK scucné

oséneavw0uas OF SET-BACK/NIGHT
x'vésrnsnt €OST ()

BASE nnx~}tnhncg cosSY (s/vsAn)
BISE ANNUAL FUEL COST ($)

LIFE ?YCLf‘(OST (s>
cosr,sdvxycs (PERCENT)

ENERGY SAVINGS (PERCENT)

122

1

STAKDARD ALTERNATIVE
'~d.043 © 0,043
44.8 44.8
1.5 1.5
Tt ?0/70 TOT 20760
0 80
1330.' 1#35.
17, C 117,
,
206, |- . 183,
| 3945. | " 3778,
4.2
12.5




*wx SET POINT COST ANALYSIS #ws

DOE REGION

1640 BASE FUEL COST (3/KWH)
AVERAGE WINTER TEMPERATURE (F)
MEAT FUMP CAPAPICTY (TONS)
SET-BACK SCHENRE

DEGREE HOURS OF SET-BACK/NIGHT
INMVESTMENT COST ($)

BASE MAINTENANCE COST ($/YEAR)
BASE A¥NUAL'FUELAC6$T (3)

LIFE CYCLE CGST ($)

COST SAVINGS (PERCENT)

énsncv SAVINGS (PERCENT) '

¥ - DENVER

STAKDARD

NOT 70/70

1230.
117.
244,

123 ., — 7

ALTERNATIVE

uoT:7016o 
0
1230,
117,
'2?5._

4042.

1.7

o




%% SET "OINT COST :NALYSIS waw

POE REGION ® - CENVER

STALDARD ALTERNATIVE
1520 BASEiFUEL cosT Cs/kum) | 0.036 0.036
AVERAGE WINTER TEMPERATURE (F) 40.8 40.8
HFAT PUNP CAPAPICTY (TONS) | 1.5 1.5
SET-BACK SCHENE o | T0T 70/70 | TOT 70760
DEGREE HOURS OF ser-encx/nxcu} e , &0
INVESTMENT (03T (%) o 1830. o 1830.
BASE MAIKTEMAKCE COST (S/YEAR) 117. | 7.
BASE ANNUML FUEL COST (5) s ' 212.
LIFE CYCLE cOST “;,. . u %262, 4022,
cosT SAVincs”(Peaceur) | : _ 5.2

. €ERGY SAVINGS (Peécsnva . | 3.

124




*#2s SET POINT COST ANALYSIS ##a

LOE REGION & =

1970 BASE rLEL COST (S/KWH)
AVERAGE WINTER TEMPERATURE (F)
HEAT FUMP CAPAPICTY (TONS)
SET-BACK SCHEME

oscaeé‘uouas OF SET-BACK/NIGHT
INVESTMENT COST (S$)

BASE MAINTEMANCE COST ($/YEAR)
BASE ANNUAL FUEL COST (%)

LIFE cchE COST ($)

€OST SAVINGS (?gacENti

EANERGY SAVINGS (PERCENT)

125

CHEYENNE

STAMDARD

34.2
3.5

18 68768

rl

4120.
178,
496,

8611,

ALTERNATIVE

34.2

3.5

18 68/60

64
4120.

178.
449,

8297.




#4% SEY PCINT COST ENALYSIS #e#

LOE KEGION € - CHEYENNE

STAMDARD
1050 BASE FUEL COST (S/KWH) | “ 0.036
AVERAGE WINTER TEMPERATURE (F) 34.2
HEAT pUMP CAPA;ICTY irous)', . 3.5
SET=BACK SCAEPE‘ , 18 ¢3/6°8
DEGREE HOURS GF SET-BACK/MIGHT 0
x~v£srne~r COST (S) | ‘ 4120.
BASE WAINTENANCE COST (S/YEAR) " q7s.
BASE ANNUAL FLEL COST (5) ._' 496,
LIFE CYCLE ;osr 'S 3 T } | 8611,

«O0ST SAVINGS (PERCENT)

ENERGY SAVINGS (PERCENT)

- 126

ALTERNATIVE

18 65755
104
4120.
178.
428.
8157,

8.3

. '3.6 . b '




a4» SET POINT CCST AMALYSIS #ew

COE REGION

1vso.a£55 FUEL COST (s/xuni
AVERAGE WINTER TEMPERATURE (F)
HEAT Puhp CAPAPICTY (TONS)
SET=BACK SCHEME

DEGREE HOURS OF SET-BACK/NIGHT
IMVESTMENT COST (S)

BASE MAINTENAMNCE COST'(S)YEAR}
| ease-nunbgt'ruéL COST ($)
"Llrs'cYCLf cost (;)
cost_sﬂv:ucs.(?gnceuts

. ENERGY SAVINGS (PERCENT)

Q - LOS ANGELES

STANDARD

NOT 7QI70
c
1936.
117.
44 .

" 2905.

127

ALTERNATIVE

NOT 70/60
80

183C.
117.

38.

2864.

14.6




asa SET POINT COST ¢NALYSIS #ww,

POE REGION 9 .- LOS ANGELES

STANDARD

1960 BASE FUEL COST (S/KWH) 0.049
AVERAGE WINTER TEMPERATURE (F) 0.3
HEAT PUMP CAPAPICTY (TONS) | 1.5
SET-BACK SCHEME .~ T0Y 70/70
DEGREE HOURS OF SET-EACK/NIGHT 0
INVESTMENT COST ($) 1830.
BASE WAINTENANCE COST ($/YEAR) : 117.
BASE ANNUAL,FUEL';osT s) ‘, - 4s.
LIFE CYCLE fosr (s) o | 2911,

COST SAVINGS (FERCENT)

EMERGY SAVINGS (PERCENT)

128

ALTERNATIVE

0.049
60.3
1.5

TOT 70/60
80
1230.
7.
36.

2851.

20.0




. ;‘5:‘#

*xx SET POINT CUST A%ALYSIS #%%

COE REGION 10 ~ SEATTLE

STA'DAPD
198C BASE FUELIEOST ($/KuK) 0.022
AVER, GE WIMTER TEMPERATURE (F) 46,9
HEAT PUMP CAPAPICTY (TONS) . 3.5‘
SET-BACK StHEﬁE | 18 68155
DEGREE HOURS (F SET-BACK/NIGHT 4
IMVESTMENT COST ($) 4120.
BASE MAINTENANCE COST (S/YEAR) 178.
BASE ANNUAL FUEL COST (3)' . .- j51.
LIFE CYCLE COST ($) . 6295,

COST SAVINGS (PERCENT)

ENERGY SAVINGS (PERCENT)

ALTERNATIVE

46.9
3.5

18 68760

64
" 4120.
’ 178.
132.
6162.
. 2.0

12.3

Ifumwnnm“mw“




*k* SET POINT CCST ANALYSIS *%x

LOE REGION 10 - SEATTLE

1960 BASE FUEL co§1‘<$/xuh)
AVERAGE WINTER TEMPERATURE (F)
HEAT PUMP CAPAklch (To§5)
SET~BACK SCHEME

DEGREE HOURS CF Sér-ancx/uxsur
INVESTMENT COST (s)'

BASE NAINTENANcg COST (S$/YEAR)
BASE ANNUAL FUEL césv (s)

LIFE CYCLE césr_(s)

COST SAVINGS (PERCENT)

EMERGY SAVINGS (PERCENT)

STANDARD

18 68/68

4120.
178.
151.

62¢5.

130

ALTERNATIVE

0.022

46.9

3.5

18 68/55
104
4120.
178.

126.




APPENDIX C

)

GRAPHICAL PRESENTATION OF SETBACK ECONOMICS
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% Savingys as a Function of Degree-Hours Per Night of Setback

Boston - 14 Ton System - No Outdoor Thermostats
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S SAVINGS
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V Savings as & Function of Degree-Hours per Night of SetbSack

Boston - Lk Ton System - Two Ootdoor Thermoustats
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S SAVINGS
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V Savings as & function of L. 3rce-Hours Per Night of Setback

Philadel;tia - 3y Ton System
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. % SAVINGS
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% Savings as a bunction wof Dejrec-iLarn Per ottt of Sotback
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§ SAVINGS
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% Savings as a Function of De;r . e~hours Per Night of Setback

Atlanta - lh Ton System - Tw.: C.tdoor Thermostats
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S SAVINGS
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§ Savinys as.a Function of Degrec~Hours Per Night of Setback

Atlanta ~ 34 Tor. System
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$ SAVINGS
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% Savings as a Function of De;rcetHours Per Night of Setback

Minneapolis - 2.0 Ton Systcm - o Outdoor Thermostats
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8 SAVINGS

—— s e T e i g e e s s ey
% Savings as a Function of Degree-z:.rs per Night of Setback
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A SAVINGS

VA Savings as a Function of Ge.ree-Hours Per Night of Setback

Minneapolis - 3.0 Ton Syst.m
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s S'av.mqs as a Function of Duiree-Hiirs Per Nijht of Setback
Minneapolis - 3% Ton Svstem
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% Savinys as a Function of Degree-douirs Per Kight of Setback

Houston - 1% Ton System - No Jitdoor Thermostats
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' % Savings as a Function of Degree-Hours Per Night of Setback
! Houston - 1y Ton System - Two Outdoor Thermostats
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:tn of Degree-Hours
 Setback

% Savings as a ¥ .
per MNig

St. Louis - 1% Ton I.stem - No Outdoor Thermostats
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% Savinas as a Function of Degree~Hours per Night of Setback

St. Louis - 14 Ton gsvstem - Two Outdoor Thermcstats
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L »AVINGS
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avings as a Punction of Dejree-Hours Per Night of
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§ SAVINGS
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v SAVINGS
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A Savings as a Fuaction of Lo tee-Hours Fof taght of Scthack

Cheyenne - 3y Ton System

Enery s

20 30 ‘40 50 60 70° 80 90 100 - 11

DEGREE -HIURS PER NIGHT

o 148

Py




- 8 BAVINGS
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§ Savings as a Fuaction of b"<f;:-:;,zs Per Might of Setback
d : .

Los Angoles -~ 1§ Toa Syst ~ =~ %7 Gutdoor Thermostat

' Energyy
Cost
16 20 30 L1 50 63 T3 (1] 20 1a0 10

DEGCREE~:'LAS 2ER NIGHT

e M




§ SAVINGS
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8 Savings as a Function uf T iree-Hiurs Per Night of Setback
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LIFE CYCLE CO3T AS A BUNCTION OF AVERACE
OUTLOOR TEMPLIATURF ANLD BASE ELECTRICITY COST

34 Ton - 18 XW Electrical Pesistance - 68°F Constant Setpoint
12'¢
11

10

LIFE CYCLE COST { M. sollars)
-~

3 4 5 8 .0
Philadelphia Atlanta Hinncapslis Cheyenne Secattle
(Ave. Outdoor Temp.) 44.%OF 5).70F 28.3°¢ 34.2% 46.99¢
{Base Elec. Price, $) .052 - 044 ' .049 036 .022

DOE REGION
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1FE CYCLE COST (M. dollars)

v

{Avg. Outdoor Temp.)
Price,

(Base Elec.

12

11
10

. LIFE CYCLE COST AS ~ F:
OUTDOOR TEMPERATUKE ANZ

3% Ton - 18 KW Electric eos:

(10:00 p=

LN OF AVERAGE
ELFCTRICITY COST

ff Sorpoint - 60°F Setback

3 4

Philadelphia Atlanta

44.5°F . S1.79F
.052 .044

' 5
Min:::pglis

29.37F
.049

LOE REGION

8 ‘10
Cheyenne SeattAe
34.2°F 46.9°F

.036 <022
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LIFE CYCLE COST AS A FUNCTION OF AVERAGE | .
OUTDOOR TEMPERATUR:e. AND BASE E'LL\"TRXCKTY COST .
35 Ton ~ 18 Kw Elecer:: Sesistance - 66°F Setpoint - ,
$5°F Setback:  (12:00 pm - 6:00 am) ,
12
11 , ' .
)
4 10
-~
~ 1
] 9
LAY
. [ o
a 7 .
o
o € 1 '
3]
a3
s v
w
u .
-
o] a4
3
2 .
14 ! ' R
" 3 4 ] 8 10
Phxlagelphia Atlanga Minneapolis Cheyenne Seattle
{Avg. Outdoor Temp.) 44.5°F 51.7 F 28.3% 34.7% 46.9°F
(Base Elec. Price, $ ) .052 ..Dll -049 | .036 . .022
DOE REGION




719N OF AVERAGE
ELFCTRICITY COST

. LIFE CYCLE COST AS *
OUTDOOR TEMPERATURE AlNZ

1§ Tcn - No Outside T-:T-::zats - 70°F Constant Setpoint

s .o hnd
&
&
.
. 8
?
[
-
b
]
et 5
o
-]
3
~ 4
»
8
[ 3
]
~
2
[ 2
©
-
-t
=
1
{Avg. Outdoor Temp)
(Base Elec. Price,$)
* 2 Ton System
t »

1 4 5e [1 7 , s 9
Boston Atlanta Minneagol:s Hciston St. Louis Denver  Los Apgeles
40.0°F 51.7°F 20.3°F €2.0°F 44.8°F 40.8°F 60.3) F
.060 .044 -049 subd /043 .036 049

DOE REG: oM




LIFE CYCLE COST AS /v FUNCTION OF AVERAGE

OUTDOOR TEMPERATURE

NL BASE ELECTRICITY COST

1% Ton - No Outside Therroztats - 70°F Setpcint - 60°F Setback

- 8

"

e

o

2 9

-4

o

bl

=

~ 6

&

3

O 5

w i

A

4

e 4

(3]

b

"~

-

’ 3

)

2
l N

(10

£0G ¢~ - 6:00 am)

1
. Boston
(Avg. Outdoor Temp) 40.0°F
(Base Elec. Price;$) .060

. * 2 Ton System

4 5e
Atlanéa Hinneak
51.7°F 28.3%
.044 .049

6 1.
olis Houston St. Louis
¥ 62.0°F 44.8°F

.044 .043

DOE RECION
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LIFE CYCLE COST AS & FUN N OF AVERAGE '
OUTDOOR TEMPERATURE AND E:3f ELECTRICITY .
CI3T '
14 Ton - Two Outside “hermcstats - 709F Continuous .
) Set:zint ?
, 8
7
@ \
s 6
~
Ll
o
) o
. -
s .
. 4
o
[
u .
o 3
>
v
‘ &
3 2
' 1
. .
Y 4 innéavoli 6 7 . 8 ) : d
Bostfan Atlanta . Minn, ago).xs Houszin St.louis Denver Los Angeles
, (Avg, Outdoor Temp) 40.0°F 51.7°F 28.3°F 62..°°F 44 .89F 40.8°F 60.3°F
{Base Elec. Price,$) -060 044 .049 L0483 .043 .036 .049
' * 2 TON SYSTEM . DOE RLGION
+ k! L1




oIFE CYCLE COST AS A F
OUTHUOR TEMPERATURE AND BAS

STIN OF AVERAGE
ELECTRICITY COST

1y Toa - Two Qutside Thermostita - 70°F Setpoint - 600F Setback
(10:00 pm ~ 8:03 am)

A ]
8
' 7 . ’
a
[
3
- 6
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k-]
z : .
[ 2
3
) 44 .
Cow .
N 3
5
(3] 3 i
w
[ 9
3
2
1 4 5¢ 6 ? s 9
! Boston  Atlanta mjinneapolis Houstgn St.Louis Denver Los Angele
. S .
(Avg. Outdoor Temp) 40.0 F 51.7% 28.3° sz.osr 44.8°7 40.081-' so.Jgr '
(Base Elec. Price,$) .0€0 .044 . 049 L0434 043 .036 049 - \
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US Military Academy
ATTN: Dept of Mechanics
West Point, NY 109%

US Military Academy
. ATTN: Library
West Point, NY 1099%

HQDA (DALO-TSE-F)
WASH DC 20314

HQDA (DAEN-ASI-L) (2)
WASH DC 20314

HQDA (DAEN-MPU-8)
WASH DC 20314

, _ HODA (DAEN-MPR-A)
. WASH DC 20314

HQDA (DAEN-FPC-U)
WASH DC 2®14

HQDA {DAEN-MPZ-A)
WASH DC 20314

HQDA (DAEN-MPZ-E)
WASH DC 20314

HQDA (DAEN-MPZ-G)
WASH DC 20314

HQDA .(DAEN-RIM)
WASH DC 20314

HQDA (DAEN-RODL)
WASH DC 20314

Director, USA-WES
ATTN: Library

P.0. Box 631
Vicksburg, MS 39181

Commander, TRADOC

Office of the Engineer
. ATTN: ATEN

Ft. Monroe, VA 23651

-

DIST 1

Commander, TRADOC
Office of the Engineer
* ATTN: ATEN-FE-U

Ft Monrce, VA 23651

AF Civil Engr Center/XRL

Tyndall AFB, FL 32401

Naval Facilities Engr Command -
ATTN: Code 04

200 Stovall St,

Alexandria, VA 22332 -

'‘Defense Documentation Center

ATTN: TCA ({i2)
Cameron Stution
Alexandria, VA 22314

Commander and Director

 USA Cold Regions Research Engineering

Laboratory :
Hanover, NH 03755

FORSCOM
ATTN: AFEN ,
Ft McPherson, GA 30330

‘FORSCOM
©- ATTN: AFEN-FE

Ft McPherson, GA 30339

* Officer-in-Charge
Civil Engineering Laboratory
- Naval Construyction Battalion Center

ATTN: Library (Code LO8A)

Port Hueneme, CA 93043

Cormander and Director ,

USA Construction Engineering
Research Laboratory

P.0. Box 4005 '

Champaign, IL 61820

Commanding General, 3d USA
ATTN: Engineer ~ .
Ft. McPherson, GA 30330

$ T CORE S
i i




Commandinvaeneral, 5th USA
ATTN: Engineer

Ft Sam Houston, TX 78234

AFCE Center
Tyndall AFB, FL 32403

Commander, CARCM

Director, Installation
and Services

5001 Eiser"wer Ave,

Alexandria, VA 22333

Commander, DARCOM

ATTN: Chief, Engineering Div.
5001 Eisenhower Ave
Alexandria, YA 22333

Air Force Weapons Lab/AFWL/DE

Chief, Civil Engineering
Research Division

Kirtland AFB, NM 87117

Strategic Air Command
ATTN: DSC/CE (DEEE)
Of fu* FB, NE 68112

Headquarters USAF

Directorate of Civil Eng1neer1ng
AF/PREES

Bolling AFB, Washingtcn, DC 20333

Strategic Air Command:

"‘Engineering

ATTN; Ed Morgan :
Of futt AFB, NE 68113

USAF Institute of Technology
AFIT/DED
Wright Patterson AFB, OH 45433

Air Force Weapons Lab
Technical Library {DOUL)
Kirtland AFB, NM - 87117

DIST 2

Maval Facilities .
Engineer Command

Chief,

ATTN: Chief Engineer
Department of the Navy
Washington, DC 20350 -

Commander

Naval Facilities Engineering Ond
200 Stovall St

Alexandria, VA 22332

Commander

Naval Facilities Engr Ond
Western Division

Box 727

San Bruno, CA 94066

Civil Engineering Center
ATTN: Moreell Library
Port Hueneme, CA 93043

Commandant of the Marine Corps
HQ, US Marine Corps

Washington, DC . 20380

National Bureau of Standards (4)
Materials & Composites Section
Center for Buiiding Technology
Washington, PC 20234

Assistant Chief of Engineer

Rm 1E 668, Pentagon
Washington, DC 20310

" The Army Library {ANRAL-R)
~ ATTN:

Armmy Studies Section
Room 1A 518, The Pentagon
Washington, DC 20310

Commander-in-Chief

USA, Europe

ATTN: AEAEN

APC New York, NY 09403




- Commander

" USA Foreign .2ience and

" Technology Center
220.8th St. N.E.
Charlottesville, VA 22901

" Commander

.USA Science & Tecnnology
Information Team, Europe
APO New York, NY (9710

Commander

USA Science & . Technology
Center - Far East Office

APO San Francisco, CA 96328

Commanding General
USA Engineer Cormand, Europe
APQ New York, NY . 09403

Deputy Chief of Staff
for Logistics

US Army, The Pentagon

Washington, DC 210

.Commander, TRADOC
Of fice of the Engineer
_ATTN: Chief, Facilities
Engineering Division
Ft Monroe, VA 23651

‘Commanding General
USA Forces Commarnd

~. Office of the Engineer

. (AFEN-FES)
Ft McPherson, GA 30330

Commanding General

USA Forces Command

ATTN: Chi:f, Facilities

- ' Engtneer.ng Division
Ft McPhersun, GA 30330

COmmanding General, st USA
ATTN: Engineer -
Ft George G. Meade, MD 20755

Commander
USA Support Command, Hawaii
Fort Shafter, HI 96858

Commander
Eighth US Army
APQO Sar Francisco 96301

Commander

US Army Facility Engineer
Activity - Xorea

APO San Francisco 96301

Commander
usS Amy, Japan
APO San Francisco, CA' 96343

Facilitics Engineer
fort Belvoir
Fort Belvoir, VA 22060

Facilities Engineer

. Fort Benning

Fort Benning, GA 31906

Facilities Engineer
Fort Bliss
Fort Bliss, TX 79916

Facilities Engineer
Carlisle Barracks

Carlisle Barracks, PA 17013
Facilities Engineer

Fort Charfee

. Fort Chaffee, AR . 72902

Facilities Engineer
Fort Dix
Fort Dix, NJ 08640

Facilities Engineer
Fort Eustis

" fFort ‘Eustis, VA 23604

OIST 3
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Facilities Engineef
‘Fort Gordon .
Fort Gordon, GA 30905

Facilities Engineer
Fort Hamilton
Fort Hamilton, NY 11252

Facilities Engineer
Fort A P Hill
Bowling Green, VA 22427

Facilities Eng1neer
Fort Jackson
Fort Jackson, SC 29207

Facilities Engineer
Fort Knox
Fort Knox, KY 40121

Facilities Engineer
Fort Lee
Fort Lee, VA 23801

Facilities Engineer
Fort McClellan
Fort McClellan, AL 36201

Facilities Engineer
Fort Monroe
Fort Monroe, VA' 23651

Facilities Enginéer.
Presidio of Monterey '
Presidio of Monterey, CA 93940

Facilities Engineer
Fort Pickett
- Blackstone, VA" 23824

Facilities Engineer
Fort Rucker n
Fort Rucker, AL 36362

Facilities Engineer
Fort Sil1
Fort S111, OK 735

DIST 4

Facilities Engineer

Fort Story

Fort Story, VA 23459

Facilities Engineer
Kansas Army Ammunition Plant
Parsons, KS 67357

Facilities Engineer ‘
Lone Star Army Ammunition Plant
Texarkana, TX 75501

Facilities Engineer

Picatinny Arsenal
Dover, KJ 07801

Facilities Engineer
Louisiana Army Ammunition Plant
Shreveport, LA 71130

Facilities Engineer
Milan Army Amnmunition Plant
Milan, TN 38358

Facilities Engineer

Pine Bluff Arsenal
Pine Bluff, AR 71601

Facilities Engineer

.Radford Army Anrunition Plant

Radford, VA 24141

Facilities Engireer

. Rock Island Arsenal
Rock Island, L 61201

Facilities_[nqineer

- Rocky Mountafn.Arsenal

Denver, CO 80340

Facilities Enqineer
Scranton Army Ammunition Plant
156 Cedar Avenue

Scranton, PA 18503

Facilities Engineer

‘Tobyhanna Army Jepst

Tobyhanna, PA 18466

. —— =




Facilities Engineer
Tooele Army Depot
Tooele, Ut 84074

Facilities Engineer
Arlington Hall Station
400 Arlington Blvd
Arlington, VA 22212

Facilities Engineer
Cameron Station, 81dg 17
5010 Duke Street
Alexandria, VA 22314

Facilities Engineer
Sunny Point Military Ocean Terminal
Southport, NC 28461

Facilities Engineer
US Military Academy
West Point Resarvation
West Point, NY 10G9%

Facilities Engineer
Fort Ritchie
Fort Ritchie, MD 21719

Facilities Engineer

Army Materials & Mechanics
Research Center

Watertown, MA 02172

Facilities Engineer
Tlistics Missile Advanced
Technology Center

Pl.O. Box 1500
ntsville, AL 35807

cilities Engineer
ort Watnwright
1724 Infantry Brigade
ort Wainwright,; AK 99703

acilities Engineer
ort Greely
ort Greely, AKX 98733

acilities Ergineer
ort Richardson’
fFort Richardson, AK 9%605

DIST S

Facilities Engineer

i Harry Diamond Laboratories

2800 Powder Mill Rd

Adelphi, M7 20783

Facilities Engineer
Fort Missoula
Missoyla, MT 53801

Facilities Engineer
New Cumberland Army Depot
New Cumberland, PA 17070

Facilities Engineer
Cakland Army Base
Oakland, CA 94626

Facilities Engineer
Vint Hi1l Farmms Station
Warrentown, VA 22186

Facilities Engineer

Twin Cities Army Anmunition Plant

New Brighton, MN 55112

" Facilities Engineer
Volunteer Army Anmunition Plant

Chattanooga, TN 37401
Facilities Engineer
Watervliiet Arsenal
Waterviiet, NY 12189

Facilities Engineer

St Louis Area Support Center

Granite City, IL 62040

Facilities Engineer
Fort Mommouth ,
Fort Mommouth, NJ 07703

',Facilities Engineer

Redstone Arsenal

Redstone Arsenal, AL 35809




Facilities Engineer
Detroit Arsenal
Warren, MI 48033

Facilities Engineer
Aberdeen Proving Ground
Aberdeen Proving Ground, MD 21005 .

Facilities Engineer
Jefferson Proving Ground
Madison, IN 47250

Facilities Engineer
Dugway Proving Ground
Dugway, UT 84022

Facilities Engineer
Fort McCoy
Sparta, Wl 54656

Facilities Engineer
White Sands Missile Range
White Sands Missile Range, NM 83002

Facilities Engineer
Yuma Proving Ground
Yuma, AZ 85364

Facilities Engineer
Natick Research &% Dev Ctr
Kansas St.

Natick, MA 01760

Facilities Engineer
Fort Bragg

" Fort Bragg, NC 28307 o

Facilities Engineer
Fort Campbell
Fort Campbell, KY 42223

Facilities Engineer
Fort Carson
Fort Carson, CO 80913

Facilities Engineer
* Fort Drum .
Watertown, NY 1360}

DIST 6

Facilities Engineer
Fort Hood
Fort Hood, TX 76544

'Faci]itieﬁ Engineer

Fort Indiantown Gap
Annville, PA 17003

facilities Engineer
Fort Lewis
Fort Lewis, WA 98433

“Facilities Engineer

Fort MacArthur
Fort MacArthur, CA 90731

- ‘Facilities Engineer

Fort McPherson
Fort McPherson, GA 30330

Facilities Engineer
Fort George G. Meade
Fort George G. Meade, MD 20755

Facilities Engineer
Fort Polk
Fort Polk, LA 71459

‘Facilities Engineer
_Fort Riley

Fort Riley, KS '66442 v

Facilities Engineer
Fort Stewart '
Fort Stewart, GA 31312

Facilities Engineer
Indiana Army Anmunition Plant
Charlestown, IN 47117

 Facilities Engineer

Joliet Army Ammunition Plant
Joliet, IL 60436 o

‘Facilities Engineér

Anniston Army Depot
Anniston, AL 36201




Facilities Engineer
Corpus Christi Army Depot
Corpus Christi, TX 78419

Facilities Engineer
Red River Amy Depot
Texarkana, TX 75501

Facilities Engineer
Sacramento Army Depot
Sacramento, CA 95813

Facilities Engineer
Sharpe Army Depot
Lathrop, CA 95330

Facilities Engineer
Seneca Army Depot
Romulus, NY 14541

" Facilities Engineer
Fort Ord
Fort Ord, CA 93941

Facilities Enginéer
Presidio of San Francisco
Presidio of San Francisco, CA 94129

Facilities Engxneer
Fort Sheridan
Fort Sheridan, XL 60037

' Facilities Engineer
Holston Army Ammunitfion Plant
Kingsport, TN 37662

Facilities Engineer
Baltimore Output
~ Baltimore, MD 21222

Facilities Engineer
Bayonne Military Ocean Tenninal
Bayonne, NJ 07002

Facilities Engineer
Bay Area Military Ocean Teminal
Oakland, CA 94626

Charleston, SC- 29402

Detroit, MI

"ATTN: Chief, Engr Div
700 Federal Office Bldg.
601 E. 12th St

DIST 7

- Fac111t1e§ Engineer

Gulf Output
New O*Ieans, LA 70146

Facilities Engineer
Fort Huachuca _
Fort Huachuca, AZ 86513

Facilities Engineer
Letterkenny Army Depot
Chambersburg, PA 17201

-~ Facilities Eng1neer

Michigan Army Missile Plant

-Warren, MI 48089

COL E.C. Lussier
Fitzsimons Army Med Center
ATTN: HSF-DFE

Denver, CO 80240

US Army Engr Dist, New York
ATTN: MANEN-E

26 Federal Plaza

New York, NY 10007

USA Engr Dist, Baltimore
ATTN: Chief, Engr Div
P.0. Box 1715

- Baltimore, MD 21203

USA Engr Dist, CharTeston
ATTN: Chief, Engr Div <
P.0. Box 919 S

USA Engr Dist, Detroit
P.0. Box 1027.
48231

bt iy o e

USA Engr Dist, Kansas'Cfty

Kansas City, no 64106




USA Engr Dist, Omaha
ATTN: Chiaf, Engr Div
7410 USOP and Courthouse
215 N. 17th St :
Omaha, NE 68102

USA Engr Dist, Fort Worth
ATTN: Chief, SWFED-D
P.0. Box 17300

Fort Worth, TX 76102

USA Engr Dist, Sacramento
ATTN: Chief, SPKED-D
650 Capitol Mall
Sacramento, CA 95814

USA Engr Dist, Far East

ATTN: Chief, Engr Div
APO San Francisco, CA 96301

USA Engr Dist, Japan ,
APQ San Francisco, CA 96343

USA Engr Div, Europe

European Div, Corps of Engineers

APO New York, NY 09757

USA Engr Div, North Atlantic
ATTN: Chief, NADEN~-T

90 Church St.

New York, NY 10007

USA Engr Div, South Atlantic
ATTN: Chief, SAEN-TE

. 510 Title Blidg

30 Pryor St, SW

Atlanta, GA 3033

USA Engr Dist, Mobile
ATTN: Chief, SAMEN-C-
- P.0. Box 2288

Mobile, AL 36601

USA Engr Dist, Louisville
ATTN: ~Chief, Engr Div.
P.0. Box 59

- Loufsville, KY 40201

USA Engr Div, Norfolk
ATTN: Chief, NAQEN-D
803 Front Street
Norfolk, VA 23510

USA Engr Div, Missouri River

"ATTN: Chief, Engr Div

P.0. Box 103 Downtown Station
Onaha, NE 68101 ‘

USA Engr Div, South Pacific
ATTN: Chief, SPDED-TG

630 Sansome St, Rm 1216
San Francisco, CA 94111

USA Engr Div, Huntsville -
ATTN: Chief, HNGED-ME
P.0. Box 1600 West Statian
Huntsville, AL 35837

USA Engr Div, Ohio River
ATTN: Chief, Engr Div
P.0. Box 1159 .
Cincinnati, Ohio 45201

USA Engr Div, North Central
ATTN: Chief, Engr Div

536 S. Clark St.

Chicago, IL 60605

USA Engr Div, Southwestern
ATTN: Chief, SWDED-TM

Main Tower Bldg, 1200 Main St
Dallas, TX 75202

USA Engr Dist, Savannah
ATTN: Chief, SASAS-L
P.0. Box 889

Savannah, GA 31402

Commander ‘
US Army Facilities Engineering
Support Agency ’

© . Support Detachment II

DIST 8

Fort Gillem, GA 30050

Y -




Commander '

US Army Facilities Engr Spt Agency
- ATTN: MAJ Brisbine

Support Detachment III

P.0. Box 6350

Fort Bliss, TX 794916

NCOIC .

US Army Facilities Engr Spt Agency
Support Detachment 1I1

ATTN: FESA-1II-SI

P.0. Box 3031

Fort Sill, OK 735(03

NCOIC

US Armmy Facilities Engr Spt Agency
Support Detachment III

ATTN: FESA-III-PR

P.0. Box 29704

Presidio of San Francisco, CA 94129

NCOIC

US Army Facilities Engr Spt Agency
ATTN: FESA-111-CA

Post Locator

Fort Carson, CO 80913

Commander/CPT Ryan

US Army Facilities Engr Spt Agency
Support Detachment IV

P.0. Box 300

Fort Mommouth, NJ 07703

NCOIC

US Army Facilities Engr Spt Agency
ATTN: FESA-IV-MU

P.0. Box 300

Fort Monnouth. NJ 07703

NCOIC .

US Army Facilities Engr Spt Agency
Support Detachment IV

ATTN: FESA-IV-ST

Stewart Amy Subpost'

Newburgh, New York 12250

NCOIC

US Army Facilities Engineering
Support Agency

Support Detachment 11

ATTN: FESA-11-JA

fFort Jackson, SC 29207

DIST 9

NCOIC

Us Army Fac111t1es Engr Spt Agency
Support Detachment [II

ATTN: FESA-II-BE

P.0. Box 2207

Fort Benning GA 31905

NCOIC

US Army Facilities Engr Spt Agency
Support Detachment II .

ATTN: FESA-TI-KN

Fort Knox, KY 40121

Naval Facilities Engineering Ond

Energy Programs Branch, Code 1023
Hoffmann Bldg. 2, (Mr. John Hughes)
Stovall Street

Alexandria, VA 22332

Commander

US Army Facilities Eng1neer1ng
Support Agency

FE Support Detachment 1

APO New York, NY 09081

Navy Energy Office
ATTN: W.R. Mitchum
Washington DC 20350

Pavid C. Hall

Energy Projects 0ff1cer

Dept. of the Air Force

Sacramento Air Logist1cs Cencer (AFLC)
2852 ABG/DEE

McClellan, CA 95652

USA Engineer District, Chucago
219 S. Dearborn Street
ATTN: _District Engineer

‘Chicago, IL 60604

1

Directorate of Facilities Engineer

Energy Environmental & Self Help Center

Fort Campbell, KY 42223

Commander and Director
Construction Engineerlng Research
Laboratory

ATTN: COL Circeo

P.0. Box 4n05

Champaign, IL 61820




Mr. Ray Heller

Engineering Services Branch
DFAE, Bldg, 1%0

Fort Sill, OK 73503

Commander-in-Chief
HQ, USAEUR

ATTN: AEAEN-EH-U
APO New York 039403

HQ AFESC/RDVA
ATTN: Mr, Hathaway
Tyndall AFB, FL 32403

Commander and Director

. Construction Engineering Research Lab
ATTN: Library

P.0. Box 4005

Champaign, IL 61820

HQ, 5th Signal "Command
O0ffice of the Engineer
APO New York 09056

HQ, Us Military Community Activity,
Heilbronn _

Director of Engineering & Housing

ATTN: Rodger D. Romans

APO New York 09176

. Commanding General

HQ USATC and Fort ieonard Wood
ATTN: Facility Engineer

Fort Leonard Wood, MO 65473

$SG Ruiz Burgos Andres
D.F.E., HHC HQ Ond 193d Inf
BDE -

Ft. Clayton, C/Z

Energy/Envirommental Office
ATTN: David R, Nichols
USMCA-NBG (DEH)

APO New York 0% %

Commander

535th Engineer Detacnnent
. P.0. Box 300

Fort Mommouth, NJ 07703

DIST 10.

NCOIC

535th Engineer Detachment, Team A
ATTN: SFC Prenger

P.0. Box 224

Fort Knox, KY 40121

NCOIC

535th Engineer Detachment, Team B
ATTN: SP6 Cathers

P.0. Box 300 '

fort Mcnmouth, NJ 07703

NCOIC

535th Engineer Detachment, Team C
ATTN: SFC Jackson

P.0. Box 4301 _

rort Eustis, VA 23604

NCOIC

§35th Engineer Detachnent Team D
ATTN: SFC Hughes

Stewart Army Subpost

Newburg, New York 12550

Commander ‘

Persidio of San Francisco,
California

ATTN: AFZIM-DI/Mr. Prugh

San Francisco, CA 94129

Facilities Engineer

Corpus Christi Army Depot

ATTN: Mr. Joseph Canpu/Stop 24
Corpus Christi, TX 78419

Walter Reed Army Medical Ceﬁter
ATTN: KHSWS-E/James Prince
6825 16th St,, N4 ’

Washington, DC 20012 -,

Commanding Officer
Installations and Services Activity
ATTN: DRCIS-RI-18

" Rock Island Arsenal

Rock Island, IL 61299
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office of Secretary of Defense
Installations & Housing

ATTN: Mr. Millard Carr

WASH DC 2m@al

Commandant (G-ECV-Z/SS)
ATTN: LTC Peck

US Coast Guard HQTRS
'2100 2nd St. SW

WASH DC 2051

HQ AFESC/DEB
ATTN: COL. William R. Gaddie
Tyndall AFB, FL 32403
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